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THIRTY-EIGHTH ANNUAL REPORT OF 
THE STATE GEOLOGIST 
IOWA GEOLOGICAL SURVEY" 
,PES MOINES, DECEMBER 31, 1929. 
To Governor John Hammill and Members of the Geological Board: 
GENTLEMEN: Six papers are herewith submitted to the Boarel with 
the recommendation that ,they be published as, V olume XXXV-the 
Thirty-Eighth Annual Report of the Iowa Geological Survey. The , 
titles and authors of the papers are as follows : 
Further Studies of the Pleistocene Geology of Northwestern Iowa, 
by J. Ernest Cannan 
The Dakota Stage of the Type Locality, by A. C. Tester 
The Stratigraphy of the Kinderhook Series of Iowa, by Lowell R. 
Laudon 
The Natural Molding Sands of Iowa, by John E. Smith 
On a New Specimen of a Paleoniscid Brain from Iowa, by Roy 
L. Moodie 
Mineral Production in Iowa in 1928 and 1929, by James H. Lees. 
A report entitled the Pleistocene geology of Northwestern Iowa by 
Dr. J. Ernest Carman was published by the Iowa Geological Survey 
in Volume XXVI (1917), pages 233 to 445. Later work in north-
western Iowa has shown that those parts of the report of 1917 having 
to do with the Kansan drift region, as there interpreted, should be 
revised in order to recognize an Iowan drift region in the eastern part 
of the area there called Kansan. The recognition of this Iowan drift 
region required many changes of interpretations and much of the data 
presented in Chapters III, IV and V of the report of 1917 is here 
presented again in rearranged form and with new interpretations. 
In the present report Chapter I summarizes that part of the earlier 
work in northwestern Iowa which bears directly on the area here called 
Iowan. Chapter II treats the Iowan drift region including certain asso-
ciated gravels. ,Chapter III treats the Kansan drift region. Chapter 
IV deals with the loess and Chapter V with the gravels in the valleys, 
chiefly of the Iowan drift region. The report closes with a sum-
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mary of the conclusions reached concerning the various subjects 
treated in the report. 
The Iowan drift region of northwestern Iowa as recognized in this 
report includes a questionable area which has been variously inter-
preted by earlier workers in this region as Wisconsin, extra-morainic 
Wisconsin, Early Wisconsin, Iowan or Kansan. During the progress 
of the work upon which the report of 1917 was based this area was 
differentiated and its limits determined, but bec~use of its indefinite 
characteristics, and also because of differences of opinion as to its 
correlation, it was finally d~cided not to recognize it as separate from 
the Kansan drift region. It is an elongate north-south area lying 
between the Des Moines lobe of the Wisconsin , drift sheet on the east 
and the m()re positive Kansan drift region along the w~st line of the 
state. Its extent in Iowa is about 2,000 ·square miles and it 'continues 
,northwestward across southwestern Minnesota to Watertown, South 
Dakota. Southward the area terminates at the south line of Sac 
county. 
The characteristics of the Iowan drift topography are faint and 
rather indefinite. The drainage pattern is roughly dendritic and a 
general view 's'uggests an erosional topography. However, a closer 
study shows that the slopes are not long, smooth slopes due to erosion 
but are somewhat uneven and billowy, and the valleys a're more or 
less obstructed. The interpretation is offered that this region had at). 
erosional topography developed in the Kansan drift and that the thin 
Iowan drift sheet merely veneered this erosional topography. It thus 
results that the greater relief feature~ are erosional and the minor 
features are constructional. It is a masked erosion topography. The 
characteristics of the Iowan till are so like those of the Kansan till 
that the two tills cannot in many exposures be definitely separated. 
The till of the Iowan region has much gravel associated with it. Some 
of the gravel is in masses in the till, some is in low mounds at the 
surface, some is interbedded with the till, and some is itt bedded de-
posits in the valleys. These several types of gravel, which appear to 
have had a common origin, are discussed and interpreted. The till and 
gravels of the Iowan region are overlain by a thin layer of loes's 
which is interpreted as Peorian in age. This loess is continuous with 
the Missouri River loess to the west. 
At a few places in the Iowan drift region a till, beneath the Peorian 
loess, rests upon older loess, silt and sand deposits which are younger 
REPORT OF THE DIRECTOR 7 
than the erosion of the · Kansan till and are interpreted as Loveland. 
These exposures fix very defin,itely a post-Loveland, pre-Peorian till 
in northwestern iowa. It is assigned to the Iowan age and correlated 
with the Iowan of eastern Iowa on . the bases of similar topography, 
similar relations to the Kansan below, and to the ov.erlying mantle of 
loess, and similar geographical positions with respect to the later 
Wisconsin drift region. 
The paper by Dr. A. C. Tester entitled The Dakota Stage of the 
Type Locality is the result of several years study in the field and lab-
oratory. It deals primarily with the exposures of Dakota rocks in 
Woodbury and Plymouth counties, but it also describes · id detail the 
rocks of the same age in Dakota county, Nebraska, and makes some 
comparisons with other localities in Iowa, Nebraska and Kansas. 
The first chapter contains an analysis of all previous work done in 
the area or in adjacent areas which have a bearing on' the type section. 
The literature on the subject dates to the first decade of the nine-
teenth century when Lewis and Clark, Nuttall and others made their 
explorations. The last work of significance was done during the 
closing years of the nineteenth century and the first part of the twen-
tieth century by Calvin, Bain, Gould and others. Since this work many 
new ideas have developed and the question of the age and stratigraphic 
relations· of the Dakota has become one of considerable interest. 
Following the detailed descriptions and interpretation of ten strati-
graphic sections the author describes other exposures of the Dakota in 
southwestern Iowa and in Nebraska and Kansas. The exact strati-
graphic position of the marine invertebrate fossils in Iowa and N e-
bras~a is related for the first time in the study of these formations. 
A comparison is made of the fauna as found in this locality with that 
of the Mentor-Kiowa of Kansas, and the close relationships of types 
and age are stressed. 
No stratigraphic or erosional break occurs between the Dakota 
and Graneros of Iowa, and the fauna of the Dakota is of the lower 
Cretaceous type, which is much older than previously supposed Ifor 
the Iowa formations. This fact suggests that the lower Cretaceous 
of the northern interior is a series closely related to the upper Creta-
ceous Series. The Dakota is described as the upper stage of the lower 
series. Lower stages of the Cretaceous are not known in Iowa though 
they do occur farther south. 
It is believed that the sea advanced into Iowa from the west and 
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southwest. Petrographic analyses of the sandstones show appreciable 
amounts of quartzite, basic feldspars and chert grains. It is belie\'ed 
that a land mass including northwestern Iowa and southwestern Min-
nesota furnished much of the materials present in the Dakota sand-
stone beds. The .rivers carrying this material had a general west or 
southwest course, draining from the landmass of .Siouxia. 
Dr. Lowell R. Laudon in his paper entitled The Stratigrapliy of the 
Kinderhook Series of Iowa states that the Series 'in Iowa contains 
three formations, the Maple Mill at the base, followed by the English 
River, and capped by the Hampton formation. The term Hampton 
is proposed for the Kinderhook members above the English River 
formation. It is named after the city of Hampton in Franklin county, 
around which the beds are best exposed. 
The Maple Mill formation consists mainly of shales and fine silts. 
Its distribution is mainly in southern Iowa. It is correlated with the 
Chattanooga of the standard Mississippian section. 
The English River formation consists mainly of blue to yellow 
quartz siltstone. It is exposed mainly in southeastern Iowa. The 
northernmost exposure is at LeGrand, Iowa. It is very fossiliferous 
throughout and is correlated definitely with the Hannibal formation of 
Missouri. It is separated from the overlying Ha~ptQn formation by a 
marked angular unconformity. Its relation to the underlying Maple 
Mill formation is not definitely known. 
The Hampton formation consists of a varied group of mainly ~al­
careous sediments. Dolomites predominate by far. It includes also 
oolitic limestone, lithographic limestone, limestones of various colors, 
chert, and a little sandstone. The Hampton formation has been di-
vided into members on the basis of both its lithology and its fauna. 
These members have been traced are ally throughout the belt in which 
the Kinderhook is exposed in Iowa. The Hampton formation is un-
conformably overlain by the Burlington limestone. 
The results of Doctor Laudon's investigation may be summarized 
as follows: 
1. The Sheffield formation has been determined to be Upper De-
vonian in age and has been correlated with the Chemung of New York. 
2. The Kinderhook formations have been found to be separated 
from the Sheffield formation by a marked angular unconformity and a 
very sharp faunal break. 
3. The shale formation of southeastern Iowa (Maple Mill) and 
.. 
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the shale formation of north-central Iowa (Sheffield) are not of the 
same age. 
4. The Sheffield formation has been identified as far south as 
Amana, Iowa. 
S. The English river formation seems likely to be a marine overlap 
from the south and represents only the upper part of the Hannibal 
formation of Missouri. 
6. The English River formation has been traced as far west and 
north as LeGrand, Iowa. 
7. The English River formation is separated from the overlying 
Hampton beds by a .marked unconformity and a marked faunal break. 
A _ fish tooth conglomerate marks this contact at one place . 
8. The lower part of the Hampton formation is correlated with 
the Chouteau formation of Missouri. 
9. The upper part of the Hampton formation (Maynes Creek, 
Eagle City, and Iowa Falls members) carries a fauna that has been 
.derived from the Chouteau fauna. The fauna of these members, 
however, is probably younger than any p':i.rt of the 'Chouteau of Mis-
soun. 
- ' 10. The Wassonville chert horizon has been · found to be a very 
widespread horizon 'marker in the Hampton formation in ' Iowa. 
ll. The Alden limestone formation is' separated from th,e underly-
irig Hampton formation by a marked angular unconformity. , The 
Alden limestone is correlated with the Gilmore City limestone (Hum-
boldt Oolite) of Humboldt and Pocahontas :counties. The limestone 
at , Gilmore . City carries a fauna which is definitely; younger thqn any 
Kinderhook fauna but . whose stratigraphic P9sition has .. not be~r defi-
nitely determined as· yet. For these reasons the Alden limestone' has 
not been .included .with the Kinderhook. 
'} The_paper by Professor John E. Smith on The' Natur.al. Molding 
Sands o~ Iowa defines these sands as being ~~mixtures of sand, 6ilt, and 
clay in such proportions as to make them adapted for . use in various 
kinds .of .foundry work." This mixture must allow ready escape for 
the gases that form when the molten metal is. poured' into :the m0Ids 
and at the same time it must have sufficient bond strength to allow ,it 
to hold its shape in the mold. Professor Smith gives the results of 
tests on a number of molding sands from Iowa and .a .few from other 
states and then proceeds to give descriptions of the deposits that .he 
found in. the various counties. Most of these are in eastern Iowa, but 
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a few are west of Des Moines. They are found, not as a part of the 
bedrock, but as part of the loose mantle rock and are classified as 
flood plain deposits, lake deposits, glacio-fluvial and glacio~eolian de-
posits and eolian and residual deposits. ~ Professor Smith concludes 
that "There is an abundance of nearly all kinds of molding sand in 
, Iowa and some of each is now peing used in the various foundries of 
the state. Our own sand should be used much more extensively in-
!,>tead of that shipped here from other states." 
Dr. Roy L. Moodie in his short paper entitled On a New Specimen 
of a Paleoniscid Brain from Iowa describes a nodule which contained 
the fossilized brain of an ancient fish. This nodule was picked up on 
the Rock Island railroad track at Iowa <;:ity and so the exact locality 
where this fish made its home can not be known. Doctor Moodie 
, first gives a historical review of writings on similar ' subjects and then 
discusses the primitive sturgeons with which this Iowa fish was allied. 
He states that the later relatives of these sturgeons gave rise to land 
vertebrates, to the air-breathing fishes and to the more modern bony 
fishes. He then describes the Iowa nodule and discusses the charac-
ter of the brain and of the type of fishes from which it was derived. 
Doctor Moodie's paper is a unique and important contribution to the 
study of fossil life in the upper Mississippi valley. 
The mineral production in Iowa during 1928 and 1929 is discussed 
by Dr. James H. Lees. The mineral industry showed some gains in 
,both of these years alth01~gh in neither year' was the increase a large 
'one. Quantities and values in 1928 were greater in cement, coal and 
stone produced and values in sand and gravel were somewhat greater, 
although the quantities produced were somewhat, less than in 1927. 
Clay and gypsum products showed declines, quite marked in the case 
of gypsum, only slight in the case of clay products. The production 
, of Portland cement was 31 per cent greater in 1928 than in 1927. and 
shipments were 22 per cent greater. Six plants were working, as the 
Gilmore City factory, which had been idle for two years, was put into 
operation. A marked concentration of clay plants is noted, as only 48 
plarits 'were at work in 1928 in contrast with over four hundred in 
earlier years. Only one pottery reported production-that at Belle-
vue, making red flower pots. The coal industry began to look up after 
the disastrous strike of ,1927, and ifincreased production by over 700,-
000 tons. Even then, the production was less than one-half the output 
of peak years. Marion county now holds the lea:ding place which Mon-
I· 
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roe held for so long. The results of an extensive series of analyses 
of Iowa coals are given, both by mines, by districts and by the geologic 
horizons from which they came. 
The gain in output during 1929 was not equal to that made during 
1928, but at least it indicated that the mineral industry was progress-
ing. Shipments of cement from Iowa factories were a little less than 
in 1928, and prices were slightly lower. This was despite the growth 
of the 'state's road making program. The value of clay products mar-
keted exceeded that of 1928 by over $700,000 and the value of coal 
sold was more than a million dollars above the value for the year be-
fore. The decrease in building dur.ing 1929 seems to be responsible 
for the fact that gypsum sales fell off by $687,000, and perhaps the 
same cause may be blamed for the lessened 04tput of limestone and 
lime and of sand and gravel so far as these materials entered into 
building construction other than road building. The report includes 
lists of operators . in the state. . 
The. following table summarizes production during 1927, 1928 and 
1929. . 
Product 
Cement ...... . . ........ . 
Clay .wares . . ....... . ... . 
Coal .......... .... . .. . ,. 
Gypsum .............. . . 
Stone and lime .. . ..... . 
Sand' and gravel .. . ..... . 
1927 
$ 9,124,405 
5,194,780 
9,304,000' 
6,713,497 
1,267,033 
1,839,176 
$33,442,891 
1928 
$10,734,838 
5,048,774 
10,525,000 
5,355,214 . 
1,742,252 
2,094,955 
$35,501,033 
1929 
$ 9,781,159 
5,791,175 
11,948,000 
4,668,856 
1,560,066 
2,211,752 
$35,961,008 
In November of 1928 an oil prospect well was begun on the Noda-
way river bottoms about four miles .south of Clarinda. As this well 
has attracted much attention among laymen and oil experts, mention 
of it is added to this report. Interest is attracted to this well by several 
factors . In the first place its depth of 4,671 feet makes it the deepest 
in the .state by over 1,200 feet. Then too it is located in that part of 
the state whose underground geology is least known, owing to the 
fact that the strata lie deeper here than in any other part of the state. 
This is because of a great basin · or trough that bows . the rocks far 
down into the earth, although these same rocks come to the surface 
farther east and northeast, It ha's been the hope of oil producers that 
the western interior oil fields' might be shown to extend into south-
western Iowa, but so far this has not been demonstrated. As the pro-
moters of the well sent the Survey a very complete set of samples of 
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the drillings it was possible to make a careful study of the strata pene-
trated. The results of this study will be published oy the Survey in 
the near future. 
, In Volume XXXIV of the reports of the Survey the Director and 
his research assistant, Doctor Apfel, published a paper entitled "The 
Pre-Illinoian Pleistocene Geology of Iowa." In the closing paragraph 
is the .foJlowing statement: "Although much has been accomplished 
by the many persons who have contributed to our present knowledge of 
the Pleistocene geology of Iowa there are yet many unsolved problems 
pertaining to the tills, gumbotils, gravels, peats, loesses, life, and other 
features of the glacial and interglacial deposits. In the future new 
facts and new interpretations of deposits of Pleistocene age will be 
presented, and :; s in the past new facts and interpretations will develop 
renewed interest and stimulate increased effort in unraveling the fas-
cinating history of the Pleistocene deposits of our state and of other 
states." 
. MQre recent papers by the Director have included "Contributions to 
the Pleistocene Geology of Iowa," which appeared in Volume 36 of 
the Proceedings of the Iowa Academy of Science; "The Relative Ages. 
of the Iowan' and Wisconsin Drift Sheets," published in Volume 21 
of the American J oumal of Science; and "The Classification and Dura-
tion of the Pleistocene Period." The last named paper will appear in 
'the 42d Volume of the Bulletin of the Geological Society of America. 
In this paper under "Concluding Statements" the most significant fea-
tures of the paper are summarized as follow~: 
, "DepOSits of the Pleistocene or Glacial Period have been subjected 
to detailed study in America for more than fifty years. In the 'Mis-
sissippi Valley in particular the records of this most fascinating chapter 
in the earth's history have been remarkably well preserved ' and thor-
oughly 'investigatel1. In fact, this area has been made a Classic one as 
the result of the researches of T. C. ,Chamberlin, McGee, N. E. , Win-
chell, Leverett, Calvin', and many other geologists. , Here ev·idence has 
been found which is conceded to be the 'most reliable in interpreting 
the history of the Pleistocene, in classifying the deposits of this geo-
logical system, and in estimating the duration of the Period. 
In this ' paper the classification and the duration of the Pleistocene 
Period have been discussed. It was poiPted out that when the most 
significant facts of Pldstocene history are analyzed critically in rela-
tion to what might be considered as a logical classification it is evi ... 
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dent that fFom the time of the advance of the first ice-sheet, the N e-
braskan, to 'the retreat of the last ice-sheet, the Wisconsin, there were 
recurrences of similar geological events with accompanying similar 
geological results. In other words, there were within the limits of 
the Pleistocene Period a succession of cycles, the most significant evi-
dences of which are recorded in the deposits which were made during 
each cycle and in the changes which the deposits underwent before the 
coming of the succeeding cycle. Reasons were given for the inter-
pretation that Pleistocene . history involved four cycles. The judg-, 
ment was expressed that it would seem to be desirable at the present 
time to bring ' together for distinct recognition in Pleistocene classifi-
cation the sedimentary units which are the chief products of the cycles 
and to designate these cycles as ~pochs and the sedimenta~y units, each 
of which consists of the intimately associated glacial and interglacial 
materials formed during an epoch, as series. 
A revised classification of the Pleistocene has been presented. It 
recognizes four epochs (series), each of which is divided into ages 
(stages) which continue to have the well ~stablished names of the 
present classification. New names have been chosen for the four 
epochs (series>.: Grandian, Ot~umwan, Centralian, and ' Eldoran. 
These names were chosen from localities where .the materials of the: 
different stages have been studied in all their relationships and where 
they thave areal distribution. . . 
Estimates of the 'minimum duration 9f the Pleistocene in Iowa have 
been gi~en. The evidence used in reaching judgments as to the dura-' 
tion's ' of the interglacial ages was gained chiefly from 'extensive field 
studies in Iowa of r~l,ative depths of leach,ing of calcium carbonate in 
simila,r materials which throughout their times of leaching were simi-
lady situated topographically a,nd climaticaliy. Leached gravels of 
known' ages were compared. 'The differences : 'in depths of leaching 
are the .results of the differences in lengths of time to which the gravels 
were subjected to weathering agents. The depth of leaching of upland 
grav~ls in the Late 'Wisconsin drift was determined to be about 2 feet 
6 inches. Thi~ leaching is tpe result of exposure to' weathering since 
the retreat from Iowa of the 'Late Wisconsin ice-sheet, that is, through 
a period estimated to be about 25,000 years. With this rate of leaching 
of gravers as a unit estimates were made of the lengths of time in-
volved in the leaching of other gravels of known ages. The results 
for Iowa as given in this paper are as follows: post-Late Wisconsin 
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time, 25 ,000 years; post-Iowan time, 55,000 years; Sangamon inter-
glacial time, 120,000 years; Yarmouth-interglacial time, 300,000 years; 
and Aftonian interglacial time, 200,000 years. The combined dura-
tions of Aftonian, Yarmouth, and Sangamon interglacial ages, and of 
post-Iowan, total about 675,000 years. 
The durations of the glacial ages in Iowa were estimated from pres-
ent-day consensus of opinion as to the rates of advance and retreat of 
ice-sheets. For the retreat of the Late Wisconsin from Iowa the rate 
of one mile in ten years was adopted. The same rate was assumecl 
for the advance of this ice-sheet into Iowa and iJ.lso for the advances 
and retreats of earlier ice-sheets. The minimum duration of glacial 
time in Iowa was calculated to be about 30,000 years. 
In accordance with the methods of evaluation adopted in this paper 
minimum interglacial time in Iowa was determined · to be approxi-
mately 675,000 years and minimum glacial time in Iowa about 30,000 
years, the combined estimates giving for the ·whole Pleistocene in Iowa 
a minimum duration of about 700,000 years. How far this estimate 
of the minimum duratiori of the Pleistocene falls short of the actual 
duration can not be determined from reliable quantitative evidence. 
However, it would seem safe to state that the Pleistocene involved 
probably a million ye.ars, possibly twice this length Of time. 
Evidence was presented also for the judgment that the 5 feet of 
gumbotil on the Illinoian till involved in its development about 70,000 
years, the 12 feet of gumbotil .o.n the Kansan till 250,000 years, and 
the 8 feet of gumbotil on the Nebraskan till 150,000 years. Gumbo-
til development was preceded in all cases by leaching of calcium car-
bonate. 
As investigations of Pleistocene deposits continue into the future 
better and better standards of measuren:tents will be established. and 
hence more and more accurate determinations of Pleistocene time will 
be made. The classification of the Period will no .doubt have to be 
revised from time to time as further refinements of study of glacial 
and interglacial deposits enable more definite interpretations of their 
origin and history." 
Respectfully submitted, 
GEORGE F. KAY, 
State Geologist. 
FURTHER ' STUDIES ON 
THE PLEISTOCENE· GEOLOGY OF 
NORTHWESTERN IOWA 
by 
J. ERNEST CARMAN 
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FURTHER STUDIES ON THE PLEISTOCENE 
GEOLOGY OF NORTHWESTERN IOWA 
lNTRODUCTION 
The Iowa Geological Survey published in 1917 a report by the writer 
entitled The Pleistocene Geology of Northwestern Iowa.1 This re-
port of 1917 deals with an area of about 9,000 square miles compris-
ing twelve entire counties and halves of four other counties ; four 
rows from north to south, and three and one-half rows from west 
to east. The names and relative locations of these counties are', given 
in figure 1. 
In the report of , 1917 Chapter I gives a summary, of the e,!lr lier work 
on the Pleistocene of northwestern Iowa ; Chapter n treat~ the Wis-
consin drift 'region; Chapter III deals with the Kansan drift region, 
including all of northwestern Iowa west of the Wisconsin boundary; 
' Chapter IV treats the gravels associated with the 'Kansan drift; Chap-
ter V treats the gravels found in valleys of the'k.:insan' region ; Chap-
ter- VI discussd the Nebraskan drift; Chapter VII traces the geologi~ 
history of northwestern Iowa. 
Later work in northwestern Iowa has shown that those parts of the 
report of 1917 having to do with the Kansan drift region, as then~ 
interpreted, should be revised in order to recognize an Iowan drift re-
gion in the eastern part of the area ,there called Kansan. The present 
report is, therefore, to replace Chapters III, IV and V of the report of 
1917. The ,recognition of the Iowan drift region requires so many 
changes that it has been deemed advisable to present again, in rear-
ranged form, most of the data included in these chapters IlL, IV and 
V. ' Small parts of Chapter VII, Geologic History, having to do with 
the Kansan (pages 438 to 440), and of Chapter VIII, Summary and 
Conclusions, having to do with the Kansan (page 443) and the asso-
ciat~d gravels (pages 44,4 to 445\ should also be revised to accord 
with the new interpretation: The chapters on the Wisconsin and the 
N ~braskan inth~ report of 1917 need no revision. The relation of 
this Jowan drift region of northwestern Iowa to the other drift regions 
' I Carma,n, J, Erne. t , The Pleistocene Geology of Northwestern I owa: Iowa Geo l. Survey, 
Vol. XXVI , pp, 233-445, 1917. 
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FIG. 1.-OutIine map of northwestern Iowa showing counties and principal towns. The area 
treated in this report is enclosed within the heavy lines. 
of the Mississippi valley is shown in figure 2, which has been published 
by Kay. 
In the present report Chapter I summarizes that part of the earlier 
work in northwestern Iowa which bears directly on the area here called 
Iowan. Chapter II treats the Iowan drift region including certain 
associated gravels. Chapter III treats the Kansan drift region. Chap-
ter IV deals with the loess and Chapter V 'with the gravels in the 
valleys chiefly of the Iowan drift region. The report closes with .a 
\) 
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summary of the conclusions reached concerning the vanous subjects · 
treated in the report. 
In the discussion of seve~al subjects the material of a more detailed 
character is placed in smaller type and may be omitted by the general 
reader without l()~ing the continuity of the discussiiln. 
WISCONSIN 
I I/Om4N NCBRASIfAN 
~ ILLINOIAN 
FIG. 2.-Pleistocene map of the Mississippi valley showing the relation of the Iowan drift 
region of northwestern Iowa (horizontal broken lines) to the other drift regions. (Kay, 
Am. Jour. Sci., vol. XXI,. p. 159, fig. 1.) 
CHAPTER I 
SUMMARY OF EARLIER WORK 
Work Preceding 1909 
The summary which follows <ioes not attempt to review all the geo-
logic work in northwestern Iowa or even all the work on the PleJsto-
, cene but emphasizes particularly those writings which bear in some way 
on the question of the age of the drift of that part of northwestern . 
Iowa west of the Wisconsin boundary. These writings were briefly 
noted as a part of Chapter I of the 1917 report but" because of their 
bearing on the primary problem .of the present report they are here 
discussed much more fully . . : . , 
, , 
Chamberlin in Geikie's Great Ice Age.-The' first assignment of 
some part of northwestern 'Iowa to a 'drift sheet younger than the Kan-
san and older than the Wisconsin was macie by Dr. T. C. Chamberlin 
in his <;:hapter on North America itr'.James, Geikie's "The Greit Ice 
Age" (1894) _ Plate 4V of that work shows an area of Iowan drift 
25 to 30 miles wide west Qf the Des Moines,. lobe' in northwestern 
Iowa, including ,most of the second tier ~f counties east of Big 
Sioux and Missouri rivers. To the west of tJ:1is, belt he mapp~d Kan-
san drift. 
" ..... c .~.' . I 
Preliminary W ark b~ Bain, ,!!96.- Th~~r.st suggested assignment 
of this character in the r.eport§.fbf tl:1e Io~a Geological Survey is in 
Volume VII (1897), in the adn1inistrative report of Doctor Calvin for 
1896. On page 18, in narrating the glacial stages affecting rowa, he 
wrote: "Fourth Glacial Stage, Iowan. During this stage the north-
ern half of Iowa was overrun by glaciers. The southern limit of this 
incursion may be traced a few miles north of aline drawn from Iowa 
City to Des Moines, and then, deflected northwest~ardly to Plymouth 
county." On page 20, he wrote: "Prof. R. D. Salisbury, . . . . 
accompanied Mr. Bain upon a short trip across the northern portion 
of the state;" going as far west as Sioux ' City and ·Rock Rapids. The 
topographic characteristics of the Wisconsin and Iowan were studied 
and the probable equivalence of the drift sheets east and west of the 
Des Moines lobe was tentatively decided upon. The correlation forms 
a good basis for next season's work,". 
1 
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Volume VI of the Iowa Geological Survey bears the publication 
date of 1897, as does Volume VII, but the date of the letter of trans-
mittal is December 31, 1897, 'one year later than that of Volume VII. 
Volume VI apparently came out later for it contains footnote refer-:-
ences to Volume VII. In this Volume VI is a paper by H . F. Baill' 
entitled "Relations of the Wisconsin and Kansan Drift Sheets in 
Central Iowa". On page 462 he wrote: "There is in the northwestern 
portion of the state a drift which in physical constitution and topo-
graphic development resembles the Iowan of eastern Iowa, and it has 
been provisionally correlated with that formation." For this provi-
sional correlation he refers to Plate XV of Geikie's Great Ice Age and 
the statement of Calvin on page 20 of Volume VII of the Iowa Geo-
logical Survey as quoted in the preceding paragraph. 
On a "Preliminary Outline Map of the Drift Sheets of Iowa" form-
ing Plate XXVIII, opposite page 467 of this report by Bain, north-
western Iowa west of the Wisconsin boundary is set off on the south 
by a line labeled "Probable Limit of Iowan Drift". This line leaves 
Big Sioux river in southwestern Plymouth county and runs eastward 
across the south part of this county, the southwest corner of Cherokee 
county, the northeast corner of Ida county, an~ the northwest corner 
of Sac county, to the Wisconsin boundary in northern Sac county. 
This probable Iowan area of northwestern Iowa included all of Lyon, 
Osceola, Sioux and O'Brien counties, the northern four-fifths of 
Plymouth county, practkally all of Cherokee county, the western parts 
of Dickinson, Clay and Buena Vista cQunties, and small areas in north-
eastern Lda and northwestern Sac counties. 
Bain's Work in Plymouth County, 1897.-Volume VIII (1898) 
of the Iowa Geological Survey contains a report on the geology of 
Plymouth county by H. F. Bain. He 'spoke of this as "a report on 
the first area studied by the Survey with especial reference to the drift 
problems of northwestern Iowa;' (page 319). He emphasized the 
freshness of the till below the loess, saying that it showed little sign, of 
leaching or oxidation and had no ferretto zone'. The age of the till ' 
was discussed rather fully (pages 341 to 351) , the following four 
possibilities being considered: ( 1) Kansan, (2) Illinoian, ' (3) Iowan, 
( 4) Extra-morainic Wisconsin. These possibilities were presented 
from the viewpoints of topographic development, physical character, 
alteration, and' stratigraphic relationship, and it was found that some 
viewpoints favored one interpretation, some another. In conclusion 
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he ""vrote (page 350): "The balance of evidence would seem to indi-
cate that the drift is either Illinoian or Iowan, and since it has already 
been provisionally referred to the latter it may for the present rest in 
that category. Clearly it is not Kansan, and while certain elusive 
evidence not yet well enough in hand to discuss, seems at times to link 
it with the Wisconsin, the bulk of the phenomena seems to indicate an 
earlier age." 
In the Administrative Report of the Assistant State Geologist in 
this same Volume VIII Bain listed as one ' of the results of his work 
in northwestern Iowa "the approximate determination b£ the southern 
limits of the Iowan (?) drift sheet in the region" (page 27) and noted 
the presence of Iowan (1) at several places near Rock Rapids in Lyon 
county, (2) in eastern Sioux 'county, (3) in Cherokee county, (4) 
near Storm Lake in Buena Vista county just outside the Wisconsin 
moraine, (5) near Correctionville and at , Sioux City in Woodbury 
county, (6) at Ida Grove and for some considerable distance south in 
Ida county, and (7) at Carnarvon in southeastern Sac county. On 
page 351 in the Plymouth county report he indicated that the boundary 
between this Iowan (?) o{northwestern Iowa and the Kansan farther 
south was difficult to determine because of the thickness of the loess 
and the scarcity of exposures, and it could "only be outlined as running 
from Carroll northwest through the northern tier of townships in 
Crawford county". This indicated boundary is 20 to 25 miles south 
of that drawn by Bain a year earlier as shown on Plate XXVIII of 
Volume VI, and it placed in the Iowan at least the northern part of 
Woodbury county, which he in his earlier report on this. county 
had called Kans,an drift. Bain apparently at this time placed in the 
Iowan(?) all of northwestern Iowa outside the Wisconsin moraine 
which had a relatively fresh drift to the surface. 
Bain's ,Work in Carroll County, 1898.-This interpretation, which 
placed all the fresh drift of northwestern Iowa as far south as central 
Carroll county in the Iowan, was not borne out by the next season's 
work, for in the Administrative Report of the Assistant State Geolo-
gist in Volume IX, Mr. Bain wrote (page 26): l'In Carroll county 
ohe of the interesting results of the season's work has been the demon-
stration that much of the extra-morainic drift, heretofore believed to 
be young and prov:isionally correlated with the Iowan, belongs to an 
anomalous phase of the Kansan. \\That may be the correct age of 
,2 Iowa Geol. Survey. Vol. ' : . p, 279, 1896, 
WORK OF WILDER 27 
the extra-morainic drift north and w~st of Carroll county can not yet 
be stated.'~ 
In this same volume is Bain's report on the Geology of Carroll 
County3 . . He interpreted all the county outside the Wisconsin as 
Kansan, recognizing two types of Kansan outcrops. The first is that, 
typical for the Kansan farther south, which shows ferretto, leaching, 
rotted bowlders, etc., at the top of the drift. The second is an abnormal 
type in which these phenomena are lacking and "fresh till continues to 
the top. He found both types in the same region but in general found 
an increase of the unleached type to the west and the north in the 
county. Both types were overlain by the loess which was deposited 
alter the erosion of the Kansan region and it was evident that they 
were but different phases of the same drift. He recognized the fact 
that the unleached type resembled closely the Kansan drift commonly 
5 to 10 feet below the ferretto and interpreted these abnormal ex-
posures as being due to erosion, which had removed the ferretto and 
leached zone before the loess was deposited. On page 88 he wrote: 
"N 0 attempt can be made here to fix the age of the extra-morainic and 
fresh looking drift in the counties to the north. The work of the pres-
ent field season has shown that the reference.of this drift to the Iowan 
i~ probably wrong." 
Wilder's Work in Lyon and Sioux Counties, 1899.-In Volume X 
appeared a report by Frank A. Wilder on the geology of Lyon and 
Sioux counties4 in the northwest corner of the state next north of 
Plymouth county, which Bain had tentatively interpreted ' as Iowan. 
Wilder noted (page 125) that the drift of northwestern Iowa had 
never been positively identified with any of the established drift sheets 
of other parts of the state and that one of the reasons for undertaking 
at that time the geological study of Lyon . and Sioux counties was to 
obtain, if possible, information that would make such correlation 
possible. He stated that the drift of these counties was the same as 
that in Plymouth and Woodbury to the south and that no line of sepa-
ration had been found between this unleached drift of northwestern 
Iowa and the typical Kansan of southern Iowa, which continued north 
to Carroll county, where exposures of the typical southern Iowa Kan-
san, with ferretto, and of the unleached northwest Iowa till both ex-
3 Bain, H . F., Geology of Carroll County: Iowa GeoL Survey, Vol. IX, pp. 49·107, 1&99. 
4 Wilder, Frank A., Geology of Lyon and Sioux Counties: Iowa Geol. Survey, Vol. X, 
pp. 81·184, 1900. 
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·ist€d in the same region.5 He thought that this lack of alteration and 
leaching of the northwest Iowa drift might be accounted for by the 
smaller rainfall of nort4western Iowa as compared with that of south-
ern Iowa and by the nature of the topography. 
Wilder noted (page 132) ,that: "Topographically the drift is, per-
haps, more closely related to the Iowan" but if , as commonly held, the 
loess was relat~d to the Iowan the underlying drift could not be Iowan, 
since evidently a considerable interval elapsed betwe~n the deposition 
of the drift and the overlying loess. In conclusion he wrote: "Con-
sidering everything, it seems safer to consider the loess-covered drift · 
of Lyon and Sioux counties as Kansan until something is found in 
the way of a southern boundary to distinguish it from the recognized 
Kansan farther south." (Figure 3.) 
Wilder mapped the extreme nortlieast corner of Lyon county. ap-
proximately the northeast half of Elgin township, as "Wisconsin 
Drift" with patches of "Altamont Moraine" (page 118) and in the 
text (pages 132 to 138) treated it all under the heading "The Altamont · 
Moraine" stating that all . of this area in Lyon county was morainic. 
He described this region in a very positive way as without a loess 
covering, and with a fresl1 drift, yellow in color, only slightly oxidized, 
invariably unleached. Southwest of the Altamont moraine he mapped 
(page 118) a belt with an average width of about four miles as "Wis-
consin Partially Stratified" and interpreted it as outwash frorn the 
Wisconsin. 
The first interpretation of northeastern Lyon county as Wisconsin · 
was recorded by Bain in V olurhe IX published one year earlier than 
the report by '\Tilder. In his Administrative Report in this volume 
Bain commented on a trip through northwestern Iowa and adjacent 
portions of Minnesota and South Dakota, in company with J. E. 
Todd and Frank Leverett, and wrote (page 26): "Mr. Leverett 
traced the morainic hills of the Wisconsin drift into the northeast 
corner of Lyon county, and it seems probable that other changes in 
the mapping of the drift · sheets of that region will be necessary." 
'Wilder made no reference to this work of Mr. Leverett, but he must 
have known of it because of the close association of Bain with the 
work of Wilder in Lyon county . . 
These interpretations by Wilder were apparently concurred in . by 
Bain, who had previously interpreted differently the drift of Plymouth 
5 Iowa Geo"!. Survey, Vol. IX, pp. 82-85 and map, p. 106, 1899. 
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county to the south: In the Administrative Report of the Assistant 
State Geologist m Volume X, Bain wrote (page 30): "In company 
FIG. 3.-A map cif northwestern Iowa made by compiling the Pleistocene maps in the county 
reports. 
"Kansan drift" of Woodbury, Ida and Sac counties; "Loess overlying older drift 
(Kansan)" of Cherokee and Buena Vista counties; "Loess overlying Kansan" of 
Lyon and Sioux counties; " Loess overlying older drift" of Osceola and O'Brien coun· 
ties; " Provisionall y Iowan" of Plymouth county. 
"Wisconsin Drift" of Lyon, Osceola, Dickinson, O'Brien, Palo Alto, Buena Vista, 
PocahJ)ntas and Sac counties; "Wisconsin Drift Plain" of Clay county; "Wisconsin 
Plain" of Emmet county. ' 
"Altamont 1vIoraine" of Lyon county; uWisconsin Moraine" of Osceola county; 
"Knobby Drift, Moqinic" of Dickinson county; "Knobby Drift" of Clay county; 
"Wisconsin Drift, affected by Morainic Knobs" of Emmet county; "Morainic De· 
posits" of P a lo Alto county. 
"Wisconsin P artially Stratified" of Lyon , Sioux, Osceola, Dickinson and Clay 
counties; "Wisconsin Gravel Train" of O'Brien county; "Wisconsin Overwash 
Gravels" of Cherokee county; "Alluvial Deposits" of Emmet, Palo Alto, Cherokee, 
Buena Vista and Sac count ies; "Alluvium" of Ida county. 
with Mr. Wilder I made a bicycle journey from Carroll county north-
west as far as Sioux Falls, studying the ·drift of the intervening re-
gion. Mr. Wilder then took up the problem and his report, appearing 
in this volume, shows how successfully he has attacked it. I have been 
over most of the region in his company or alone, and would wish 
heartily to concur in his findings." In the Administrative Report of 
IOWA STATE TRAVELING LIBRARY 
DES MOINES, IOWA 
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the State Geologist, Doctor Calvin wrote (page 15): "Mr. Wilder 
has also shed much light upon the vexed question of the age of the 
drift of the northwestern part ' of the state. His conclusions; while 
differing somewhat from those previously held by the Survey, are 
founded on careful study and seem ~orthy of every confidence. Prob-
ably a final opinion on · the subject can not be rendered until more of 
the region shall have been investigated." 
Macbride's Work in Osceola and Dickinson Counties, 1899.--1n the 
same volume with Wilder's report on Lyon and Sioux counties is a 
report by Professor Macbride on the Geology of Osceola and Dickin-
son Counties6, which lie next east of Lyon county along the state line. 
Macbride continued the mapping units used by Wilder in Lyon county 
eastward into Osceola county (figure 3) . The northwest part of 
Osceola ·county adjoining Wilder's "Wisconsin Drift" of northeastern 
Lyon county, .the southeast part of Osceola county, and the southern 
third of Dickinson county were mapped as "Wisconsin Drift" outside 
the distinctly knobby area to the north which was mapped as "Wiscon-
sin Moraine". The area of "Wisconsin Partially Stratified" which 
was continued from Lyon county with a width of two miles on the 
county litle was mapped as broadening out in the central part of Osceola 
county to an area six to eight miles across and thence narrowing again 
to two to three miles where it strikes ·the south boundary of the county 
west of Ocheyedan river. The southwest corner of Osceola county 
was mapped as "Loess, overlying older. drift" and provisionally re-
ferred to the Kansan (page 218). 
Macbride's Work in Clay and O'Brien Counties, 1900.-In Volume 
XI, one year later, Professor Macbride reported on Clay and O'Brien 
counti~s.7 The eastern' edge of Clay county was mapped as "Knobby ' 
Drift", terminal moraine of Wisconsin age (figure 3). All the rest ' 
of Clay county and all of O'Brien county I except the northwest cor-
ner, were mapped as "Wisconsin Drift". A narrow wedge-shaped 
area in the northwest corner of O'Brien county, 18 miles long from 
east to west and only 50 miles wide at the west line, was map'ped as 
"Loess, overlying older drift (Kansan) " , apparently to match up with 
the similar area of southwestern Osceola county as mapped the pre-
vious year. The unit of "Wisconsin Partially Stratified" used by 
6 Ma :bride, T. H., Geology of Osceola and Dickinson Counties : Iowa Geol. Survey, Vol. X, 
pp. 185-239, 1900. 
7 Macbride, T. H ., Geology of Clay and O'Brien Counties: Iowa Geol. Survey, Vol. XI, 
pp. 461-508, 1901. 
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Wilder in Lyon county and continued by Macbride across Osceola 
county to the O'Brien county line was not used in the mapping of 
O'Brien county. The "Wisconsin Drift" of the O'Brien county map 
joins along the west line of the county with the "Kansan Drift" of 
the earlier Sioux county map of Wilder (figure 3), but no discu·ssion. 
-of the lack of agreement or what caused the change of opinion con-
cerning this region was given. · . 
This mapping of Macbride in Clay and O'Brien counties created a 
large area of "Wisconsin Drift" in northwestern Iowa lying outside 
the Wisconsin moraine, . an extra-morainic vVisconsin drift. In Vol-
ume XI there was published 'as Plate II a "Preliminary Outline Map 
of Jhe Drift Sheets of Iowa," and, in accord with this work of Mac-
bride, a considerable area in northwestern Iowa, including most of 
O'Brien and Clay counties and parts of Osceola, Dickin.son, Cherokee 
and Buena Vista counties, was shown as "Wisconsin" but lying out-
side of the "Wisconsin Moraine." 
Macbride's Work in Cherokee and Huena Vista Counties, 1901.-
Subsequent work to the south evidently did not bear out this conclu-
sion concerning the extra-morainic Wisconsin area, for in his report 
on Cherokee and Buena Vista counties,S which appeared one year later 
in Volume XII, Professor Macbride mapped Cherokee county, which 
• lies south of O'Brien, and the west half of Buena Vista county, next 
south of Clay county, as "L.oess, overlying older drift (Kansan)". 
This abuts on the north at the county lines against the extra-morainic 
"Wisconsin Drift" area of O'Brien and Clay counties, as is shown 
in figure 3. The central and east parts of Buena Vista county were 
mapped as "Wisconsin Drift" but without a morainic belt along the 
boundary. 
The previous assignment of the drift of O'Brien and Clay counties 
to the Wisconsin was questioned (page .3I9), with the suggestion that 
it might prove to be Early Wiscons.in or even older. The problem was 
evidently considered the same as that in Plymouth county, to which 
report the reader was referred for a fuller presentation of the problem. 
In the Plymputh county report the drift had been provisionally referred 
to the Iowan.9 
A second "Preliminary Outline Map of the Drift Sheets of Iowa" 
8 Macbride, T . H " Geology of Cherokee and Buena Vista Counties: Io~a Geol. Survey, Vol. 
XII , pp. 30';';}53, 1902. 
9 Iowa Geol. Survey, Vol. VIII, pp. 341·351, 1898. 
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appeared in 1904 in Volume XIV.lO Like the earlier mapll 'it shows 
an area of "Wisconsin" west of the "Wisconsin Moraine," but the 
west boundary of this area is five to ten miles farther' east inD'Bri~n, 
Cherokee and Buena Vista counties. The area includes most of Clay, 
Osceola and O'Brien counties and' smaller parts of Dickinson, Buena 
Vista, Cherokee and Lyon counties. A very similar map was published 
in 1905 in Bulletin 2 of the Iowa Geological Survey, but on this map 
the Wisconsin Mbraine was not shown and the "Wisconsin Drift" area 
continued unbroken westward to the west boundary of the extra-mo-
rainic Wisconsin of the other map. 
Macbride's Wark in Sac and Ida C aunties.-In Volume XVI · Pro-
fessor Macbride reported on Ida and Sac counties,12 which lie to the 
south of Cherokee and Buena Vista counties. He showed the Wis-
consin boundary extending north-south across Sac county and 'con-
necting up with the earlier tracing in Buena Vista county to the north 
and Carroll county to the south. The west half of Sac county and all 
of lda county were mapped as Kansan drift (figure 3). 
The work in Sac and Ida counties completed the county rep9rt work 
on that part of nort11western Iowa with which we are concerned. 
There is considerable lack of agreement between certain of the county 
maps and some contradictions in the texts. This lack of agreement 
is shown on figure 3, which was made by compiling the Pleistocene . 
maps ' of the county reports. New interpretations were adopted in 
some cases withqut showing that the earlier ones were no longer ten-
able. In some cases divisions were placed upon maps without dis-
cussion, and boundaries were . mapped without being traced in the text 
.and without discussion of the characters upon which the boundaries 
were based. This makes it difficult to determine just what the final 
opinion was on certain points. Thus the matter stood when the writer 
began his studies in northwestern Iowa in 1909. 
Work of the Writer from 1909 to 1916 
The work of the writer in northwestern Iowa began in 1909 with the 
problem of retracing the Wisconsin drift boundary on the west side of 
the Des Moines lobe north of Carroll county. is This retracing left 
10 Iowa Geol. Survey, Vol. XIV, PI. III, 1904. 
11 Iowa Geol. Survey, Vol. XI, PI. II, 1901. 
12 Macbride, T. H., Geology of Sac and Ida Counties: Iowa Geol. Survey, Vol. XV], I1P< 509,_ 
562, 1906 . 
. 1S· Iowa Geol. Survey, Vol. XXVI , pp. 251·320, 1917. 
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outside the Wisconsin boundary that questionable ar~a which had been 
variously interpreted by earlier writers as Wisconsin, extra-morainic 
Wisconsin, Early \i\Tisconsin, Iowan, or Kansan. This questionable 
area was studied during parts of the field seasons of 1910 and 191 L 
Various lines of evidence, chiefly topographic, suggested that the east-
ern part of this area should be assigned to a separate drift region inter-
mediate between the Kansan on the west and the Wisconsin on the 
east. However, a super-Kansan drift sheet could not be generally sep-
arated and the topography did not seem to afford a consistent boun-
dary line. Further, it was recognized that this questionable area cor-
responded most nearly to the Iowan of northeastern Iowa, ·and the 
identity of the Iowan was at that time very strongly questioned by 
most geologists outside of Iowa and probably by some within the 
state. It appeared, therefore, that to attempt to establish a post-Kan-
san pre-Wisconsin drift region in northwestern Iowa would be to 
create another Iowan p;oblem. The conclusion was reached that all 
of northwestern Iowa west of the Wisconsin boundary was of Kan-
san age and a report was prepared by the writer with this interpretation. 
It was on the basis of this conclusion that the "Map of Iowa Show-
ing Drift Sheets," published as Plate LXV of Volume XXIV (1913) 
of the Iowa Geological Survey, was prepared. This map shows the 
Kansan drift over all of northwestern Iowa west of the Wisconsin 
boundary, as traced in the work of 1909. This map was reproduced 
as Plate XIV of ,Volume XXVI ,(1917). 
During the summer of 1912 Mr. Frank Leverett of the United 
States Geological Survey, working in southwestern Minnesota, recog-
nized a drift region between the Wisconsin and Kansan and traced it 
southward to the Minnesota-Iowa line. This corresponded to the di-
vision south of the state line which had been tentatively considered by 
the writer in 1910 and 1911 as intermediate in age between the Wis-
consin and Kansan. Mr. Leverett found this division very distinct 
in Minnesota and bordered by a moraine ' which he traced from Water-
town, South Dakota; through southwestern Minnesota to the Iowa 
line.14 
In 1913 the writer re-examined this intermediate area in northwest-
ern Iowa and compared it with Leverett's area in southern Nobles ,coun-
ty north of the state line. It was found that the characters of Lc;!ver-
ett's area continued into Iowa with decreased distinctness and that a 
14 Letter from Mr. Leverett to the writer in December, 1912. 
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very indefinite boundary could be traced southward across' eastern 
Lyon, northeastern Sioux, southwestern O'Brien, eastern Cherokee, 
northeastern Ida and southwestern Sac counties to t,he point where it 
passed beneath the Wisconsin boundary'. It was th~n decided to. make 
this the' continuation in Iowa of Leverett's area. In Iowa therecogni-
tion of this intermediate area rested almost entirely on topography. . 
The writer then revised his report on northwestern Iowa on t.he basis 
of the existence of a drift sheet intermediate in age, between the Kan-
San and the Wisconsin. In the manuscript this region was called Iowan 
with a chapter entitled "The Iowan Drift Region." . The reasons for 
using the term Iowan were given but with the qualifying statement 
"a positive correlation has not as yet been made with the Iowan drift 
region of eastern Iowa." , 
Although the writer then agreed ~ith Mr. ~everett in the recognition 
of this intermediate drift region, they did not agree as to its age. The 
writer believed that a loess like clay which exists over the intermediate 
drift region was' the equivalent of and the continuation of the Mis-
souri river loess, which it was generally agreed was the equivalent of 
the Peorian loess of eastern Iowa and, .therefore, that the intermediate 
drift region must be Iowan or older. Mr. Leverett, on the other hand, 
oelieved, in 1913, that this intermediate region was Wisconsin and so 
published cbncer~ing it in 1919.15 ' . 
. The manuscript on notthwestern Iowa recognizing the Iowan drift 
region was submitted to the Director of the Iowa Geological Survey 
in May, 1915, but because of the lack of agreement noted above as ·to 
the correlation of the intermediate. drift region th~ publication of the 
report was deferred from time to time. 
In 1916, the writer, in company with the Directot of the Iowa Sur-
vey, Doctor Kay" returned to northwestern Iowa to attempt to solve 
the .question of the age of the intermediate drift area. A more detailed 
study of the loesslike clay that overlies the intermediate. drift area 
confirmed the earlier opinion of the writer and convinced Doctor Kay 
that this loess like clay is the continuation of, and ·the equivalent of, 
the 10ess of the Kansan region, which was generally considered to' be 
Peorian. ~t was, . therefore, impossi~le to agree with Mr. Leverett · 
that this intermediate drift region was Early Wisconsin in age. 
The writer had always questioned somewhat the identity of the in-
termediate area as a distinct drift region, and after showing in 1916 
15 Minnesota Geol. Survey, Bull. 14, pp. 51-52, and map in pocket, 1919. 
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SUMMARY OF CARMAN'S EARLY WORK 
that it must be , preloess in age he again reviewed the bases for its 
recognition. In view of the fact that ' there was rio generally recog-' 
nizable super-Kansan drift sheet, and that the boundary betvyeen the 
Kansan and the supposed intermediate area was in general indefinite · 
• 
and questionable, the writer returned, at the end of the field season of 
1916, to the conclusion which he held in 1911, that all of northwestern 
Iowa .west of the Wisconsin boundary belonged to the Kansan drift 
region. 
On the basis of this interpretation the manuscript was again revised 
and this time published as "The Pleistocene Geology of Northwestern 
Iowa.»16 There are many parts of this. report of 1917 that. might be 
reviewed here, but the more important conclusions bearing on the 
s~bjects with which we are concerned in the present report may be 
shown by a few quotations from the section entitled "Summary and 
Conclusions" (pages 442-445). 
{(Kansan Drift.-All of northwestern Iowa west of the Wisconsin,drift 
. boundary is assigned to the Kansan drift region on the basis of the identity 
of the till and the presence of a mantle of loess over the entire region. 
The absence of leached Kansan till in northwestern Iowa is explained by 
, the removal of this leached zone by erosion of the entire region below the 
original level at which leached till may have formed, 
{(Gravel Bowlders and Gravel Hills.-The gravel and sand masses 
included in the till are parts of frozen gravel deposits which were plowed 
up by the advancing iGe sheet. As is shown by the composition of the 
gravel, by the freshness of the material and by the clay-balls, most of these 
masses are of the ' same age as the inclosing till. They represent deposits 
made in front of the advancing ice sheet, which a litHe later plowed them ' 
up. 
"The gravel hills of the Kansan drift region are included gravel bowlders 
which have been e~posed at the surface by the removal of the inclosing 
till. They come to stand above the surface of the till by the relatively 
greater resistance to erosion of the porous gravel mass. 
{(The Va,uey Gravels.-The valley gravels occupy valleys cut into the 
Kansan drift. The material for these ' deposits was released by erosion 
from the Kansan drift and was accumulated in the valleys during a period 
of time subsequent to the major erosion of the Kansan drift plain and 
. preceding the deposition of the loess." 
16 Carman, J. Ernest, The Pleistocene Geology of Northwestern Iowa: Iowa Geol. Survey, 
Vol. XXVI, pp. 233-445, 1917. 
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Work Published Since 1916 
In Volume XXVI of the Iowa Geological Survey there appeared a 
report by Alden and Leighton entitled "The Iowan' Dri ft; A Review of 
the Evidence of the Iowan Stage of Glaciation"Y In this report the 
authors reaffirmed the existence-of a post-Kansan pre-Wisconsin drift 
sheet in northeastern Iowa and stated that it is younger than the Illi-
noian and older than the Wisconsin. This essentially reaffirm~d the 
opinion of Doctor Calvin concerning the Iowan drift region and in the 
opinion of most geologists re-established the Iowan as one of the in-
dependent stages of Pleistocene glaciation. It may be ·well to note 
here the bearing of this conclusion on the work in northwestern Iow.a. 
During the progress of the wor-k there the Iowan of northeastern Iowa 
was under severe question and to postulate an intermediate drift region 
in northwestern Iowa on questionable evidence seemed doubly question-
able, for it ~ppeared tllat it would have to stand without the support of 
the type, northeast Iowa region. Now, with the type region reaffirmed, 
it would be much easier to put another questionable area, as that in 
north~estern Iowa, with it. 
In 1919 there appeared a report by Leverett and Sardeson entitled 
"Surface Formations and Agricultural Conditions of the South ·Half 
of Minnesota."18 On the map which accompanies the report there is 
in southwestern Minnesota an area about 10 miles wide, lying t6 the 
southwest of the .morainic belt of unquestioned Wisconsin age. At 
. the state line this is the contir:tuation of the intermediate drift region 
of, northwestern Iowa. This belt is mapped as "Till or boulder plains, . 
clayey," a unit which includes also all the Wisconsin ground morain~ 
farther northeast. In discussing southwestern Minnesota they wrote 
(pages 51-52): "there is a thin sheet of. relatively young gray drift, 
forming a veneer over the eroded surface of the old gray drift, which 
lies outside the well defined moraine of Wisconsin drift. In 
the opinion of the present writers, the drift which veneers the eroded 
district outside of the moraine is not markedly older than that of the 
moraine of Uphaf!1 interpreted to be the outer limits of the younger 
drift, and should, therefore, be included with it.", This statement just 
quoted showed plainly the opinion of Leverett and Sardeson that the 
"intermediate" area was of Wisconsin age. 
In 1922, Leverett, in a paper entitled "Glacial Formations of the 
17 Alden, W. C., and Leighton, M. M., Iowa Geo!. Survey, Vo!. XXVI, pp. 49·212, 1917. 
18 Leverett, Frank, and ·Sardeson, Frederick W., Minnesota Geol. Survey, Bull. 14,1919. 
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Co~eau des Prairies,"19 wrote, "A drift of debatable age, but appar-
ently somewhat older than the Wisconsin drift, and referred provi-
sionally to the Iowan stage of glaciation, extends a few miles beyond 
the undoubted Wisconsin drift in South Dakota, Minnesota, and Iowa 
and covers the Missouri-Mississippi divide nearly half way across 
Iowa." On the accompanying map (page 103) Leverett labeled this 
area "Iowan(.?} Drift". This area in Minnesota is the one which 
Leverett and Sardeson called Wisconsin outside the moraine in 1919 
and in northwestern Iowa it is the intermediate drift region mapped by 
the writer in 1913 and called Iowan in the unpublished manuscript of 
1915. Leverett had now abandoned, or at least questioned, the Wis-
consin age of this area. 
Further Studies in Northwestern Iowa 
In the summer of 1925· Doctor Kay was on a trip in northwestern 
Iowa with Doctors Leverett, MacClintock and Apfel when they found 
an exposure near Sheldon, in northwestern O'Brien county, which ap-
peared to offer very strong evidence in ~upport of an intermediate drift 
sheet. This section has been published by Doctor Kay and will be 
given on a later page of the present report (page 51). . . 
As a result of this trip in northwestern Iowa, and chiefly as a result 
of finding the section noted above, Doctor Kay asked the writer to 
return to northwestern Iowa for a field conference with him and for 
such additional field work as the problem des~rved. It was not pos-
sible to find a time suitable to both Doctor Kay .and the writer until the 
field season of 1927. . 
In the latter part of June, 1927, the writer joined Doctor Kay at 
Iowa City for this study. They began by a trip over the Iowan of 
northeastern Iowa, which the writer had never studied. They then 
spent about two weeks in a review of the evidence' for an intermediate 
drift region in northwestern Iowa. Very few new exposures of any 
consequence were found, but a number of the exposur.es studied by the 
writer in the years between 1910 and 1916 were re-examined in the 
light of ' the reaffirmed Iowan of northeastern Iowa and the new ' in- ' 
terpretations of Doctor Kay concerning the Loveland deposits of 
western Iowa. . As a result of this study it was decided that the evidence 
was sufficient to justify an interpretation of an intermediate drift re-
gion as used in the unpublished manuscript of 1915. 
19 Bull. Geol. Soc. of America, Vol. 33, pp. 101 and 103, 1922. 
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It is necessary, therefore, that Chapters III, IV, and V of the report 
of 191720 dealing with the Kansan drift and associated gravels bere-
placed by chapters dealing with the Kansan drift, Iowan drift and the 
associated gravels. The present report is, therefore, in large , part 
from the unpublished manuscript of 1915, which recognized an Iowan 
drift region in northwestern Iowa, modified to include such additional 
evidence as was obtained in 1916 and in 1927. 
20 Carman, J. 'Ernest, The Pleistocene Geology of Northwestern Iowa: Iowa Geo!. 'Survey, 
Vol. XXVI, pp. 233·445, 1917. 
CHAPTER II 
THE IOWAN DRIFT REGION 
The region discussed in this chapter is a post-Kansan~ pre-Wisconsin 
drift region lying to the west of the Des Moineslobe of the Wisconsin 
• drift sheet. It includes most of that questionable area of northwestern 
Iowa which has been variously interpreted as covered with Wisconsin, 
extra-morainic' Wisconsin, Early Wisconsin, Iowan, or Kansan drift. 
_ The extent of this Iowan drift area in northwestern Iowa is shown 
on Plate I. It .covers the major parts of Osceola, O'Brien 'and Clay 
coup ties , considerable parts of · Cherokee, Buena Vista and ~ac coun-
ties, and smaller parts of Lyon, Dickinson, Sioux and Ida counties. 
Its total area in Iowa is about 2,000 square miles and . its eastern limit 
is the margin of the Wisconsin drift as traced in the report of 1917.21 
Its wes'tern boundary, to be traced in detail in this chapter (pages 59 
to 84) , crosses eastern Lyon, . northeastern Sioux, southwestern 
O'Brien, eastern Cherokee, northeastern Ida and southwestern Sac 
counties, and near the south line of Sac county is overlapped by the 
Wisconsin drift. The relation of "this Iowan region 'in northwestern 
Iowa to' the drift sh~ets 'of Iowa is shown on Plate II. The entire 
area of this drift region west of the Des Moines lobe is an elongate 
area extending from Watertown, South Dakota, across southwestern 
Minnesota and northwestern Iowa to the south border of Sac county, 
a distance of more than 20.0 miles. Through Minnesota its width is 
10 to 20 miles. South of the state line the belt widens, b.ecause of the 
eastward swing of the Wisconsin boundary, to 45 miles in O'Brien 
and Clay counties. It na:rrows again to 15 miles in northern Cherokee 
. and Buena Vista' counties and terminates at the south line of Sac 
county (figure 2). 
CO~RELATION 
. This intermediate drift region of northwestern Iowa is here corre-
latecj. with the Iowan drift region of D:ortheastern Iowa. A brief state-
ment of the bases for this correlation is given here, but the evidence for 
the conclusion appears under several headings of this report. 
21 Iowa GeoL Survey, VoL XXVI, PP'. 252-293, 1917. 
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This intermediate region is younger than the Kansan region to the 
.west and older than the Wisconsin region to the east with its distinctly 
glacial topography. In contrast with the Wisconsin, undrained depres-
sions and other pronounced glacia~ features are -absent. However, the 
area has not suffered much erosion and some of its features are con-
structional. 
The position of this intermediate drift region to the west of the 
Wisconsin drift area of north-central Iowa is comparal:lle to the posi-
tiop of the Iowan drift reg~on to the east of the Wisconsin drift area. 
The two Iowan areas of northeaster~ and northwestern Iowa toget1H~r 
outline the limits of a lobe of ice which covered most of northern Iowa 
(Plate II). The general features of the topographies 9f the two re-
gions are the same and the drift of each cannot, in many cases, be posi- . 
tively distinguished from the Kansan drift below. The Iowan area 
of northwestern Iowa is overlain, without evidence of elapsed time, by 
a thin mantle of loess or loesslike clay which, as shown in Chapter IV 
(pages 116 to 136), is the time equivalent of the Missouri river loess, 
which is commonly correlated with the Peorian loess of eastern Iowa, 
which-was deposited soon after the Iowan ice epoch. 
The history of the assignment of .the intermediate region of north-
western Iowa in the Pleistocene time scale was traced in the review of 
the literature in Chapter I. The more recent correlations are: in 1919 
Leverett and Sardeson placed the corresponding area in Minnesota in 
the Wisconsin,22 and In 1922 Leverett placed the area provisionally 
in the Iowan.23 
TOPOGRAPHY 
General Characteristics 
The characteristics which distinguish the Iowan drift topography 
are faint and rather indefinite, and until they are well understood and 
their significance appreciated, this drift region may easily escape recog-
nition. In order to. appreciate and recognize the differences between the 
Iowan and Kansan drift topographies, one must stay with the work 
for some time, must go back and forth across the boundary from one 
drift region to the other, and must compare every minute detail. He 
who expects to see pronounced differences will be disappointed, and he 
who attempts to verify or disprove must beware of a hasty judgmei1t. 
The entire surface of the Iowan drift is in slopes, mostly definite, 
22 Minnesota Geol. Survey, Bull. 14, pp' 51·52, and map in pocket, 1919. 
23 Bull. Geol. Soc. of America, Vol. 33, pp. 101 and 103, 1922. 
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but in some cases so. gentle as to be almost imperceptible. The entire 
surface is therefore drain~d, although in some places poorly so. The 
undrained depressions which tharacterize the Wisconsin drift plain 
are entirely absent from the Im\ran drift, but along some of the stream 
courses on the upland there are . marshy areas, and in several places 
the Iowan piain is so flat as to be poorly drained. 
The topography of the Iowan drift presents considerable diversity, 
'ranging from level plains with a telief of only 10 to 20 feet in half a 
mile to rolling regions with c:l relief of 40 to 60 feet, and along the 
larger vaileys t~ere are some sharply dissected, rugged areas. The 
more level areas are chiefly oq the great watershed and along the divides 
between the larger streams, in Clay, O'Brien and Osceola counties. 
Along 'the larger stream's, even in the northern counties, the topography 
has a mode.rate relief, and these areas br-oaden southward at the expense 
of the slightly rolling interstream areas . until the whole is distinctly 
rolling. 
The drainage pattern of the Iowan region is roughly dendritil:;, and 
the valleys are relatively broad and straight. A general view from one 
of the divides where the relief is 20 to 40 feet appears at first to be 
across an erosional topography, for on either side there may be broad 
depressions, ,possibly one to three miles across, and the divides beyond 
rise essentially to the altitude of the one on which the observer stands. 
A closer study shows, however, that the slopes are riot long, smooth 
slopes due to erosion but are somewhat uneven and billowy, and the 
valleys are more or less obstructed. . A view across a Kansan drainage 
basin shows def1nite locations for the main streams and ,trihutaries, 
because the slopes are all smooth and the valleys flaring. A view across 
an Iowan drainage basin does riot show the same definiteness of stream 
courses or smoothness of valley slopes. . . 
It is be~eved that before the deposition of the Iowan drift this r~gron 
had ;tn 'erosional topography developed on the Kansan drift plain, but 
that along the great divide of the state there were considerable areas 
that were nearly level as well as more rolling areas farther from the 
divide. These pre-Iowan features were not completely obliterate·d by the 
Iowan drift sheet and still remain as the greater relief features of the 
region. Upon these larger features the Iowan drift sheet superposed 
a glacial topography with minor ~onstructional features making UIl· 
even billowy slopes. . 
,. 
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Description of the Topography 
Slightly Rolling Areas.-Most of Osceola county outside the Wis-
consin drift boundary is slightly rolling, and the same is true of north-
ern O'Brien county and of western Clay county within the loop of Lit-
tle Sioux river. On the broader of the interstream spaces some areas 
are almost level, with a relief of only five to ten feet. ' A view of one 
of these level areas in northeastern O'Brien county is shown i,n figure 
4. The largest of these areas is in western Clay county, in Lincoln, 
Clay and Lone Tree townships, between Willow creek and Ocheyedan 
river. The . surface is so level that the natural drainage is poor, but 
there is sufficient slope for successful tiling and this is now a very 'pro-
ductive farming region. Most of western Clay county within the 
Ocheyedan-Little' Sioux loop has a slightly rolling topography and 'at 
many places this conies out to the very edge of the valley, and with its 
gentle slopes is in de~ided contrast with the deep, narrow valley of the 
Little Sioux. 
F I G. 4.- Vie w across a level area of the Iowan dr ift plain nor th west of H artley in northeast ern 
O'Br ien county. (Photo hy Lees.) 
Another quite level area of considerable size is fqund along the 
Osceola-O'Brien county line betweeil Melvin and Plessis, and smaller 
areas exist in north-central Goewey, southeastern East Holman and 
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south-centr.al West Holman townships of Osceola county, and in the 
southwest half of Lincoln township, O'Brien county. From the large 
area of slightly rolling topography of northern O'Brien county narrow-
ing areas extend southward along the divides between the Floyd river 
and Mill creek valleys and between the valleys of Mill and Waterman 
creeks. 
A very level area lies just south of the Wisconsin drift boundary of 
southwestern Dickinson and southeastern Osceola counties, and similar 
though smaller areas exist east of Little Sioux river from Milford 
to· Dickens and to Gillett Grove. The evenness of some of these areas 
may have been accentuated by the outwash from the ' Wisconsin ice 
front, but they apparently were level before the Wisconsin ep,och. 
North of Spencer in the adjoining corners of Sioux, Meadow and 
Summit townships is probably the flattest area of the Iowan drift 
plain. It is but little above the Little Sioux valley to the southwest, 
and is so level as to be poorly drained. The poor drainage of this dis-
trict is due partly to a low ridgelike belt of sand hills along the edge 
of the Little Sioux flat which has obs~nicted the drainage from the 
north (page 47). 
Moderately Rplli'ng Areas.-Within the slightly rolling areas of 
Osceola, O'Brien and Clay counties there are more strongly roll~ng 
belts along most of the larger valleys. These broaden southward along 
the valleys until the intervening, slightly rolling areas are entirely elimi-
nated. Along some of the valleys, as the Little Sioux below Gillett 
Grove, and the Waterman, a sharply dissected topography exists. 
Most of the mpte rolling topography lies along the valleys, but there 
are some areas on the upland entirely sU'rrounded by the slightly roll-
. ing tdPography. Such areas are found in north Goewey -and Gilman 
. townships of Osceola co.unty and along the headwaters of Floyd river 
on the county line northeast of Sheldon. Another area lies between 
the Little Ocheyedan and the Ocheyedan valleys in southeastern Osceola 
county and is continued as a narrow belt 'southward along the west side 
of the Ocheyedan and Little Sioux valleys . 
. The Iowan drift region of eastern Cherokee, western Buena Vista, 
western Sac and northeastern Ida counties is, in general, moderately 
rolling but includes small patches of but slightly rolling topography. 
The general relief is 30 to 50 feet and the region is well drained: It 
is an erosional topography mantled by a thin sheet of Iowan drift. 
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. Erosional Topography along Valleys.-Along some of the larger 
valleys of the Iowan drift region there are areas characterized by sharp 
dissection and considerable local relief, giving a very rugged topog-
raphy along the valleys, although the inter-stream areas present rounded 
slopes and slight relief. This topography is found ' along the Little 
Sioux valley in northeastern Cherokee, southeastern O'Brien, and 
southern and eastern Clay counties. It exists also along the lower 
courses of the larger tributaries of the Little Sioux, as Mill, Waterman, 
Willow and Brooke creeks (figure 5),. It has its greatest development 
in northeastern Cherokee and southeastern O'Brien counties, where 
Little SiOux river is 175 to 200 feet below the upland, and where many 
small tributaries have cut three to five miles into the upland, producing 
a much dissected area with a relief .of 125 to 150 feet. The slopes are 
steep, but the divides are level and project as spurs of the upland be-
tween the ravines out to the very edge of the Little Sioux valley. 
FiG. S.-View across a sharply dissected area of the Iowan drift r egion in the lower course 
of Brooke creek in northwestern Buena Vista county. (Macbride, Iowa Geological. 
Survey, volume XII, p. 315.) 
East of southeastern O'Brien county the sharply dissected belt 
along the Little Sioux valley is narrower, and at many places the slight-
ly rolling plain comes up to the very edge of the valley. Good exam-
ples of this condition exist on either side of the valley in the southwest 
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corner of Clay county, in Gillet't Grove township of eastern Clay coun-
ty, opposite Sioux Rapids and elsewhere. Notably sharply dissected 
are~s are present southeast of Cornell in Herdland township, in section 
4 of the same township, in section 27 of Peterson township and at 
other places. . 
The area of ~harply dissected topography along the Little Sioux val-
ley is more extensive at the mouths of the' tributary creeks, and extends 
up the larger of these creeks for a number of miles. It extends several 
miles up Willow creek valley in south-central Clay county but with de-
creasing relief and ruggedness. It continues up Brooke creek valley 
(figure 5) in northwestern Buena Vista county for about four miles 
_and up other smaller creeks to the northwest of ,Brooke creek through 
the north-central part of Brooke township. In southeastern O'Brien 
county where this sharply dissected topography is so wen developed 
along the Littie Sioux, it continues up Waterman creek valley for 
seven to eight miles through central Grant township. The dissection 
here is remarkably sharp, giving a topography that is in striking con-
trast with the level upland to the, east and west. The sharply dissected 
topography extends six to eight miles up Mill creek valley in Cherokee 
county and affects the lower courses of its tributaries. 
If they are viewed from a distance, most of these tributaries of the 
Little Sioux appear to have broad shallow valleys, but as they ar~ 
approached more closely what appeared to be broad shall?w valleys 
are found to be trenched by narrow steep-sided valleys , (figure 6). 
FIG. 6.- Cross profil e of a tributar y va ll ey of the L it t le Sioux showing the trench like inner 
va lley cut into the broader outer va lley. 
This feature is particularly prominent in the lower courses of the tribu-
taries. Farther up these creeks the narrow valleys in the bottoms of 
the older ones grow shallower until they terminate, and above their 
upper ends the streams flow thr,ough broad, shallow valleys similar to 
the wider parts of the valleys fartl;I.er down stream. The valley of a 
small creek which joins Mill creek in section 10 of Cherokee township, 
• 
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and which is followed by the Illinois Central railway northward to-
ward Larrabee, shows well the passage from the sharply dissected topog-
raphy to topography of the upland type. In its lower course the inner 
valley is 60 to. 75 feet deep, but northward it becomes shallower until at 
Larabee it terminates, and north of this place the stream flows in a 
broad, shallow valley charact~ristic of the Iowan upland. 
When the Ocheyedan-upper Little Sioux system was thrown south-
westward across the great watershed into its present course,24 . new 
conditions were established, and the great. quantity of water carried by 
the Little Sioux soon deepened its valley notably and destroyed the ad-
justment between it and its tributaries. The rejuvenated, tributaries 
and the valleys ide gullies then began to carve out the sharply dissected 
topography described above. This sharp dissection is all the work of 
post-Wisconsin time, and cutting in · the tributary yalleys is still in 
progress. 
Aggraded Areas.-At several places within the Iowan regio~ there 
are almost level areas that have been formed by the filling in of low 
areas with gravel. A good example is found west of Priinghar in 
central O'Brien county, where several branches of Mill creek unite 
(page 157). Here a level a:rea several square miles in extent is almost 
wholly underlain with gravel. Another lies east and southeast of. 
Sibley in East Holman township, Osceola county, where areas extend-
ing soine distance back from the present valleys are underlain with 
gr~vel (page 143). . . 
Gravel Hills.-At various places on the Iowan plain there are gravel 
hills or mounds hardly distinguishable from the usual features of the 
region. Some of them are in ' groups, some ·are in rows along the up-
land valleys, and some are single isolated hills. In the nort;heast corner 
of Lyon county north and west of Little Rock there is a group of these 
hills, giving a topography that is plainly .constructional. Along the 
course <?f Willow creek leading west from Calumet in southern O'Brien . 
county there is a row of them. Others either in small groups or 
as single hills are well distributed over the entir:e Iowan drift plain. 
These kamelike hill!! are more fully treated on pages 90 to 102. 
Gravel Benches.-Gravel benches exist along most of the valleys of 
the Iowan drift plain. Some of them are conspicuous topographic 
features, as they are continuous for great distances and stand well 
2, Iowa Geol. Survey, Vol. XXVI, pp. 310·318, 1917 • 
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above the level of the streams, but some are merely inconspicuous rem-
nants of ter~aces or shoulders on' the valley sides. They are ~ost 
prominent along the Little Sioux through Cherokee county and in the 
lower courses of Mill and Waterman creeks. The dissection of the 
benches is, as.a rule, much sharper than that of the uplands, being of 
the sharply dissected type of topography described above (pages 44 to 
46). All the small creeks cross these gravel areas in narrow, steep-, 
sided valleys while upstream on the upland they may have broad, open 
valleys. Even the smaller valleys of the Iowan region generally have 
gravel deposits along their courses, even out near , the heads of small 
streams on the upland. Benches may pr may not be present, depend,ing 
-upon the extent to which the stream has cut into the valley filling. 
The valley gravels are discussed more ' fully In Chapter V. 
Sand Hills North of the Spencer Plat.-At a number of places along 
the north side of the Spencer fiat there is a topography characterized 
by low rounded hills, with a relief of only 10 to 20 feet. These hills , 
appear at first sjght to be glacial, but a closer examination shows that 
they consist largely of sand and that sandy roads are common in the 
belt where they are present. As noted on page 43 the poor drainage 
of the plain just north of Spencer apparently is due in part to obstruc-
tion caused by thi$ low ridgelike belt of hills. 
This topography begins at the east end of the Spenc~r fiat just west of ' 
Meadowbrook and extends westward as a low slightly rolling. ridge border-
ing the fiat through the north half of section 9, the south half of section 
5, and the central part of section 6 of Sioux township. , It is present in 
section 1 of Riverton township and in the north half of section 36 and the 
northeast quarter of section 35 of Summit towaship, where some shallow 
road cuts show exposures of sand. The north half of section 32 and the 
adjoining parts of sections 29 and 30, Summit township, on the point of 
upland between the Little Sioux and Stony creek valleys, have a topography 
of slightly rolling hills with a relief of about 10 feet, and the road on the 
north line of section 32 is quite sandy. Similar topography and sandy 
roads are found just north of Everly, and in section 33 and the southwest 
quarter of section 28 of Waterford township are rounded hills half a mile 
back from the valley which are said to be composed Of sand. Farther 
northwest at the southwest corner of Osceola county, along the east bluff 
of the Ocheyedan river valley, there is another belt of low rounded hills 
composed of sand, and similar features are shown faintly northwest for 
several miles across Harrison township. 
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The distribution of these sand-areas to the north of the Spencer 
flat and to the northeast of the Ocheyedan valley ~ccords with the 
usual location of eolian deposits on the northeast side of valleys, due 
to the prevailing southwest wjnds of our latitude. They prob<!.bly 
were formed during the Wisconsin glacial epoch when Ocheyedan river 
was carrying great floods of debris-laden ,water from the margtn of 
the Wisconsin ice sheet. 
All these areas of sand hills are along the course of the "Altamont 
moraine" as mapped by Professor Macbride in his discussion of "The 
Margin of the Wisconsin Drift."25 They resemble a faint glacial to-
pography and may hav€,! been so interpreted by Professor Macbride. 
THE IowAN DRIFT 
General Characteristics 
The differentiation of the Iowan drift region as distinct from the 
Kansan and the Wisconsin 'is' based primarily on its topography. The 
characteristics of the drift itself are so like those of tl1e Kansan drift ' 
that general descriptions of the two would b~ altnost identical. It is 
only by comparing them in detail that differences and distinguishing 
characteristics can be made out. There are some places where the up-
per part of a section of drift is fre!iher than the lower part or differs 
in some other way, and in such places a twofold division of the drift 
is suggested. 
The more general characteristics of the Iowan till are as follows: 
It has a brownish gray color where fresh, and on the faces of dry cuts 
the color is yellowish gray, somewhat lighter than the Kansan till under 
similar conditions. It is strongly calcareous, even to the surface, there 
being no leached zone, but near the surface many of the cuts are char-
acterized by a gray calcareous staining along joints and in streaKs and 
blotches through the till, the beginning of alteration. The Iowan ti1\ 
is more sandy and pebbly than the Kansan and, therefore, less com-
pact. Where it is most compact it breaks out in angular chunks which 
crush down to a mealy clay. The dominant pebble is gray limestone 
which is, as a: rule, fresh and unaltered, although some of the associated 
coarse-grained igneous pebbles are rotted so as to crumble easily. A 
common feature is the presence-of small, brown, ocherous grains from 
a sixteenth of an inch to an inch across. 
Since the Iowan till generally cannot be separated in sections from 
25 Iowa Geol. Survey, Vol. XII, pp. 329 and 333, 1901. , 
. , 
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the Kansan beneath, few data exist as to its thickness. Some of the 
sections to be given later show 20 to 30 feet of what may be Iowan 
till, and even more where .interbedded with gravel; but it is ' probable 
that over most of the area concerned Jhe Iowan till is re1atively thin, 
and that it is in large part reworked Kansan till. 
A pronounced characteristic of the till of the Iowan r~gion is its 
association with much gravel. Some of the gravel is in masses in the 
till, some is at the surface of the till, some is in layers interbedded with 
the till, and some is in bedded deposits in the vaileys. The gravel in-
these several positions is very simpar and appears to have had a com-
mon origin. 
Relation to,the Loveland Deposits 
There -are very few exposures of Iowan till associated with other 
deposits in such a way as to fix the age of the tills. The super-Kansan 
gumbotil, which forms such a definite key horizon in the Iowan region 
of northeastern Iowa and in southern Iowa, is not present in north-
western Iowa and there are no other similar, widely distributed inter-
glacial deposits. It is this lack of key horizons that has made It so dif-
ficult to conclusively estab.lish the existence of the Iowan drift region. 
At various places in western Iowa south of our region there are old 
'loess, silt, and sand deposits younger than the erosion of the Kansan 
till and older than the general loess horizon of Peorian age . . These are 
known' as the Loveland, a term introduced by Shimek in 190926 and 
more definitely defined and limited by Kay in· recent years.27 Kay 
has now recognized this unit at various places in southern Iowa, be-
neath the Iowan till of northeastern Iowa and between the Illinoian 
gumbotil and the Peorian loess of southeastern Iowa. So far as west-
ern and southern Iowa are concerned the Loveland could be late Yar-
mouth, Illinoian, Sangamon or Iowan in age, but the relations in east-
ern Iowa, where it rests on an eroded surface cut in the Illinoian gum-
J:>otil in southeastern Iowa and is overlain by the Iowan till in north-
eastern Iowa, seem to limit it to late Sangamon time. It is, of course, 
not necessary that all deposits called Loveland be of exactly the same 
age. 
Deposits which are interpreted as Loveland have b.een found at sev-
26 Bull. Geol. Soc. of America, Vol. ~, Footnote, p. 405, 1909. 
21 Kay, G. F., Recent Studies of the Pleistocene in Western Iowa: Bull. Geo!. Soc. of 
America, Vol. 35, pp. 71·73, 1924. Loveland Loess; Post· Illinoian, Pre~Iowan in Age: Science, 
N. S., Vol. LXV:III, pp. 482·483, 1928: Significance of Post·Illinoian, Pre·Iowan Loess: Science, 
N. S., Vol. LXX, pp. 259·260, 1929. Also Iowa Geo!. Survey. Vol. XXXIV, pp. ,277·281, 1929. 
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eral places in northwestern Iowa and the horizon will appear in some 
sections treated under the discussion of the loess (pages 126 and 130) 
and in some sections treated under the discussion of the Iowan boun-
. . 
dary (pages 73 to 78). A few deposits interpreted as Loveland have 
been found in the Iowan region beneath till which is in turn overlain 
by the Peorian l~ess, and these sections, if correctly interpreted, fix 
very definitely a post-Loveland, pre-Peorian till. These are, therefore, 
the most important exposures in support of an Iowan drift region . 
. In the south partof section 19, Cedar township, Cherokee county, 
the road cut on the south slope of a. deep, narrow ravine showed the 
following: 
FEET 
4. Clay, loesslike. Peol'ian ........ . . . ....... . . . :.. .. . .. . . ... . . . ... . 4 
3. Till, brownish gray, sandy, pebbly, unleached. Iowan ... , .. . . . .. .. . 8 
2. Sandy silts, blue-gray, calcareous. Loveland.. .. . ...... . .... . ..... 8 
1. Till, brown, unleached in upper part, blue-black below. Kansan ... . . 45 
Top . few feet exposed in road cut and exposures exist at intervals ' 
down the ravine to near Mill creek. 
The road cut on the north slope of this ravine, 50 yards from the 
above exposure, showed the following: 
FEET 
4. Clay,loesslike. Peol'ian ..... .... . , .. .... .. . .. . .............. .. . .. . 4 
3. Gravel, fresh, unleached. Iowan . .. .. . . . ..... . ........... . ..... . . . 4 
2. Silts, blue-gray, calcareous. Loveland ... .. .. . ........ . . . . ..... .. .. 1 
1. Till, brown, unleached. Kansan . .. . . . . . .. . . ... . . .. . ... .. ......... 4 
The blue-gray calcareous silts on the south side of 'the ravine very 
definitely separate a thin till above from a thick till below. These silts 
are of the type. generally recognized as Loveland, and the upperj lighter 
colored till must be Iowan. On the north of the ravine the Iowan till 
is absent but the characteristic fresh Iowan gravels occupy this horizon. 
These exposures ' are near the boundary of the Iowan drift region as 
mapped. . 
At the southeast corner of section 13, Liberty township, Cherokee , 
county, a road cut on the east slope of Mill creek valley showed the 
following: ' 
FEET 
4. Gravel, unleached. Iowan . . .. . . . '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
3. Silty material, unleached, bl,ue-gray, with some oxidized sandy layers. 
Loveland . ............ ...... . .... .. .... . ...... . ... .. .. . .... .. .. . 12 
2. Loesslike clay or silt with some sandy layers, brownish. Loveland. 12 
As a whole it seems to be leached but has a few calcareous concre-
tions in the upper part. Locally it is strongly oxidized. 
1. Till, brown, oxidized, unleached. Kansan . . . .. .. . ... . .... . .. . : . '. . . 25 
This continues below the road level down to the creek. 
I 
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A road cut just north of the southeast corner of the section, just 
,north of the east end of the above exposure, showed the following: 
FEET 
5. Oay, loesslike. P eorian ... • .. . .• • .......••.....••••.•.. • ..••• •••• 5 
4. Gravel, unleached, gray. Iowan . ... .. . . ... ...... : . . ... ... . .. ... " 5 
3. Loess, buff, calcareous. Loveland . . ..... ' .... .... ~ . ... .. .......... 8 
Somewhat banded with bluish and brownish bands. A few snail shells 
were found on the slope. 
2. Loess, blue-gray. Loveland. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. . . • .. 3 
This contains many snail shells. ,It extends to the base of the cut. 
Numbers .3 and 2 of this section are the equivalent of number 3 
and possibly number 2 of the first section. Number 5 is above the first 
section, and the second section does not reach number 1 of the first 
-section. These exposures are at the edge of the Iowan drift sheet as 
mapped. No Iowan till \isshown, but the gravel is a well recognized 
~orizon of this age. , 
A section west of the quarter-corner on the south of section 4, Car-
roll township, O'Brien county, three miles southeast of S}1elq.on, is 
recorded by Kay and Apfel as follows28 : 
FEET 
3. Loess, buff .. . .................... . .. ... . . .. .. .. .. ......... .. . 1 to 3 
2. Till, Iowan, highly calcareous, pebbly and sandy, oXlidized to yel:.. 
lowish brown color ....... .. . .... . .. . ........ ..... . : ...... :. .. 2 to 3 
1. Loess, Loveland, highly calcareous, plowed into base of till, gray 
to buff in color ........ . . ..... .. .. . . .......... . .... . .. ........ 3 to 5 
This exposure was found by Kay, Leverett, MacClintock and Apfel 
in 1925 when the section quoted ab,ove was taken. The writer visited 
this exposure in 1927 in company ,with Kay, at which time it was so 
badly slumped and so overgrown with weeds that the above section 
could not have been made out. However, the several units were dug 
out locally $0 that one could recognize at top a leached buff loess like 
clay; lower down a calcareous, sandy or gravelly till-like material; and 
lower still a gray loess like clay. The writer accepts the interpretation 
given by Kay and Apfel for this section. 
The highway ascending the east bluff of the Little Sioux valley just 
east of Cherokee showed, in 1927, an interesting series of cuts. The 
ascent to the upland is made along a grade which cuts a se!ies of spurs 
between ravines and fills the ravines, and the cuts are successively high-
er to the east. The first two cuts, beginning at the lower or west end, 
showed gray unleached Nebraskan till grading upward to leached N e-
braskan till or gumbotil: The second cut showed an irregular' contact 
28 Iowa Geo!. Survey, Vol. XXXIV, p. 279, 1929. 
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with the Kansan till above, owing to the plowing up of the Nebraskan 
till by the Kansan ice. . This plowing has removed the weathered N e-
braskan at some places. 
The third cut fro~ the west sh.owed the following section: 
, FEET 
4. Clay, loesslike ...... . . . . .. . ..... .. . . . .. . . .. . .. . . . . .. . . . . .... . ... 2 
At crest of cut it is one foot thick and leached. It thickens down the 
slopes of the· cut to 3 feet, with a maximum leached zone of Z feet. 
3. Till, friable, sandy. Apparently I qwan . . ... . . . .... . .. . . .. ... . .... 13 
At top is a pebble band with several cobbles of quartzite. that show 
wind polish. 
2. Till, yellow-brown, unleached. . Kansan . . ...... .. .. .. .. . .... ... ... 20 
Contains several inclusions of Nebraskan till. 
1. Til1, gray. Nebraskan . •... ... .. . ......... ... .. .. .. . .. . ..... . . .. 
The fourth cut showed .only Kansan till. The fifth cut showed 17 
feet of buff a.nd blue horizontally bedded silty material with some sandy 
layers and a few pebbles. It is all calcareous. In the 10wer part of 
the exposure at one place is a carbonaceous soil-like material in which 
a few -shell fragments were found. The cut exposed nothing above or 
below this material, but the elevation of the cut is entirely covered by 
the Kansan till horizon of the next cut on the west and the next cut 
on the east. The silty material evidently occupies a depression in the 
general horizon of the Kansan till. It is interpreted as Loveland ma-
terial and .may be in part eolian. 
The next cut exposed 15 feet of oxidized Kansan till overlain by 
two feet of fresh Iowan gravel and then by four feet of P.eorian loess 
leached to a depth of two feet. The cut at the crest .o·f the valley slope 
showed about seven feet of loess leached to a depth of.four feet. Below 
the loess about four feet of yellow pebbly till was exposed and the lower 
part of this horizon showed a much contorted unit of silty material 
six to twelve inches thick mixed with the till. The till is apparently 
Iowan, enclosing in its base some contorted Loveland silts. 
This series of cuts exposes from the base upward, Nebraskan till, 
Nebraskan gumbotil, Kansan till, Loveland silts, Iowan till and grav- . 
els, and Peorian loess. They are located approximately at the Iowan 
boundary. 
Some Till Exposures Interpreted as Iowan 
Aside from the exposures described above, which include Loveland 
deposits, the best evidence for the recognition of an Iowan till is 
found in northern Cherokee county along the Little Sioux river and 
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Mill creek valleys, and many exposures of this region w,ere studied in 
detail. -Some of the better ones of these exposures wiU be described. 
Doupe Farm.-There are several interesting exposures on the farm of 
M. Doupe, in the north half ~f the northwest quarter of section 13, Chero-
kee township; A sketch map of the area is shown in figure 7. The upland 
o 
Rods 
26 40 80 
o House'--" 
Contour Interval 
20 "ft. 
FrG. 7.-A sket~hed contour map of the northwest quarter of section 13, Cherokee township. 
The loca tions of the sections described in the text are shown by the letters A, B, C, etc. 
lever' over most of this quarter section is a bench at ,an elevation of about 
1300 feet above sea level. A ravine enters near the northeast corner and 
runs southwest across the quarter section as shown in figure 7. ' Where it 
enters the quarter section, this valley is only 25 to 35 feet deep,. but in the 
next quarter of a mile it deepens abruptly so that across the west half of 
the quarter section it has a depth of 80 to 100 feet, and a narrow flood-
plain indicates that the stream ha~ here reached grade. The valley sides 
" 
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are very steep for drift slopes and rise directly to the lev'el of the bench. 
This vaHey is 'a good example of the type of recent dissection found along 
the Little Sioux. 
The west slope of the valley, about 20 rods south of the place where 
the stream turns south in the north part of the quarter section (A, figure 
7), exposed, in 1910, the following section. It is shown diagrammatically 
in A of figure 8. 
D A 
' , " 
c B 
FIG. S.-Columnar sections of exposures on the farm of M. Doupe in the northwest quarter 
of section 13, Cherokee township. The locations of the sections are shown by corre· 
spondi?g letters on figure 7. 
FEET 
4. Gravel horizon below terrace bench . . .... ... ....... " . " . .. , ... " 10 
3. Till, light brownish gray. Iowan ... , .... .. .... . ......... .. ...... 2S 
Above is a till slope of 20 feet with a 5-foot vertical face of till below. 
This till is more sandy and pebbly than the Kansan and therefore less 
compact. The lower part contains' several lenses and seams of sand. 
2. Sand, dirty, yellow, fine- to medium-grained, with a few pebbles and 
s'ome clay-balls of the till above ........ . . . . ..... . ... .. .. .. ...... . 2% 
The contacts with the Kansan below and the Iowan above are sharp 
and horizontal, ami the horizon has a uniform thickness across the 
exposure, a distance of about 40 feet. 
1. Till, dark blue, tough, pebbly, weathers brown. Kansan ... .... :... 25 
At .the top is a' vertical face 10 feet high. Below this, a slumped 
slope of weathered brown till continm,s down 20 feet to the ravine 
bed. 
About 20 rods southwest of the Doupe farmhouse, at the point marked 
B in figure 7, the south slope .of the ravine showed the typical dark brown 
Kansan till rising 25 feet above the ravine bed and overlain directly by 
the Iowan till, a light brownish gray sandy till with brown ' iron staining 
along the joints. This upper till breaks out in angular chunks which break 
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up further ,into small angular fragments and pulveriz'e to a sandy clay. If . 
quite moist' the till is plastic, but the sandy nature is usually evident. Sandy 
or gravelly material is mixed with the till at several places and both the 
till and the gravelly material have many limestone pebbles. As at many 
other places a prominent character of the Iowan is' the presence of small 
reddish brown ocherous ' grains which pulverize to a reddish brown powder. 
The Iowan till was freshly exposed for about 12 feet and a till slope rose 
eight feet higher, giving a total thickness o~ 20 feet. The till was overlain by 
10 feet of fresh gravel rising to the terrace level. The columnar section 
is shown in B of figure 8. The contact of the Iowan ' and Kansan tills was 
exposed at three places covering a distance of about 20 feet and in this 
distance drops about one foot. At one of the places exposed there is a 
- thin seam of sand at the contact, and at another a ' zone about one foot 
thiCk which is a ,mixture of the tills above and below. Where no contact 
phenomena appear, the contact is still distinct, by reason of the contrast 
of the two tills. 
The 'south slope of the valley on the center line 'of the quarter section 
(C, figure 7) exposed the following section, which is shown diagram-
matically in C of figure 8. 
FEET 
4. Pebbly slope with a few exposures of till and sand ... .. . .. . .. . .. . . . 40 
This zone appeared to consist of till with several large included 
masses of sand. The upper part of this slope covers the elevation of 
the usual gravel horizon beneath the terrace. 
3. Till, brownish gray, sandy, with lenses of sand. I owan .. .. .. . .. .. .. 10 
2. Sand and silt .. ................... . .. . ............. . ... . ....... 1~ 
This zone consists of the following: 
I NCH ES 
c. Coarse, ferruginous, laminated sand with a thin . band of 
bl ue silt at the top : . .. .... ..... . . .... .. . .. .. . . .. . . ... 4 
b. Brown and blue-gray sandy silt like the matrix of the . 
layer below .. . . . .. '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6 
a. Blue-gray sandy sj.)~ with cobbles and some bowlders up 
to 10 inches in diameter . ... . .. " .. .. ... .......... .. .. 8 
The bowlders lie on the Kansan till surface and the silt 
was appa,rently put down around them. 
1. Till , mottled brown and bluish brown. Kansan .... . . . .. .... . ..... 18 
This type of till is produced by the rapid weathering of the blue clay. 
The upper three to four feet was in a cliff exposure. The remainder 
was in a slumped slope extending down to stream level. . 
The sand and silt zone (No.2) was exposed at another place in the 
slide 2S feet away and showed approximately the same succession of . 
bowlders, silt and sand, but all somewhat more ferruginous. The undis-
turbed position of the lamina! of sand and the silt band just below ' the 
upper till show that there was little wear or shoving by" the Iowan ice, 
for such delicate structures would be difficult to preserve eve~ if the 
material were firmly frozen. 
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While ascending the small ravine ,which heads at the center of the 
northwest quarter of section 13 (D, figure 7) many exposures of typical 
brown Kansan till were seen, through a vertical distance of 40 feet, and ' 
at the head of the ravine the Iowan-Kansan contact was exposed at several 
places over a distance of ·25 to 30 feet horizont~lly. The two tills are 
in direct contact or separated by a thin band of. ferruginous sand. 
The Iowan till of this exposure is only a few feet thick, but asi-de from 
some slight surface alteration and discolorations along the contacts it has 
the characteristics common for this till. ,It contains much coarse yellow 
sand and gravel, and at 'one place a vertical section showed ,as much sand 
and gravel as till. At the top of the till there is', at several places, a zone 
6 to 18 inches thick that was either l;iid in water or partly reworked. The 
till is overlain by terrace gravels, and along the contact both the basal 
six inches of the gravel and the top six inches of the till ,are iron stained. 
The terrace-gravel horizon ' is six to eight feet thick in this exposure 
and consists ~£ fresh firie-grained gravel with many pebbles, cobbles and 
bowlders distributed through it. Gray limestone is particularly abundant 
ameng the pebbles. The gravel is in turn overlain by dark brown non-
calcareous loesslike clay which has a 'thickness of about four feet and 
. staf1ds with a vertical face which shows columnar jointing. A columnar' 
, section of this exposure is shown in D of figure 8. 
Besides the exposures already described for the Doupe farm, there are 
a number of other smaller exposures supplementing and confirming those 
already noted. At the gravel pit (E, figure 7) the Iowan till and overlying 
gravels are shown. The road cuts along the north line of the quarter 
section west of the Doupe farmhouse showed a light yellowish gray till 
that was distinctly lighter than the Kansan till. The upper few feet of 
this till contain considerable whitish calcareous material along the joints 
and in streaks through the till. Where the road crosses the ravine, east 
of the Doupe farmh<;lUse, in the northwest cdrner ' of the northeast quarter 
of section 13, both valley slopes show the Iowan till overlain by valley 
gravels. 
Pits of Cherokee Sand and Gravel Company.-Across the Little Sioux 
valley from t!1e Doupe farm, in the northwest quarter of the northeast , 
quarter of section 14, Cherokee township, are the gravel pits of the Chero-
kee' Sand and Gravel Company, in the terrace of the Little Sioux valley. 
Several pits have been worked in the pa~t on the slopes of a ravine that 
cuts into the terrace and a pit just south of the ravine was operated to 
a depth of 40 to 50 feet. All the pits show essentially the same successiop.. 
At the top is a gravel horizon a few feet thick; then comes a till horizon 
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four to seven feet thick; and below this is the great gravel horizon which 
has been. worked to a depth of more than 50 feet. 
Three abandoned pits, each 75 to 100 yards from the others, are located 
on the slopes of the ravines, as shown in figure 9. The .till horizons of the 
RQD:S. 
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FIG. 9.-Sketched contour map showing the location of gravel pits on the farm of F. R. Turner 
(northwest quarter of the northeast quarter of section 14, Cherokee towriship). The 
pit A was operated by the Cherokee Sand and Gravel CO,mpany. 
three exposures are of practically identical material, are .at approximately 
the same altitude, and have the same thickness, so that there can be little 
doubt that the till was once continuous across the intervening valleys over 
an area at least 75 to 100 yards across. The mass is too large to have 
been floated in by ice and must have been laid directly by the Iowan ice 
'sheet, The till horizon is thinner in the pit on the terrac~ just south of 
the ravine and is said to be absent entirely beneath the terrace a few rods 
farther south. 
This' till has a light brownish gray color, shows brown iron staining 
along the joints, and contains many small, reddish brown ocherous grains. 
Pebbles and cobbles are scattered through the till. Limestone is the 
dominant material among the pebbles, and it is mostly fresh and firm, while 
the coarse-grained i~eous pebbles are decomposed and crumble easily. 
These several till exposures differ slightly because of different conditions . 
of moisture, exposure, etc., yet in the main they are similar and all have 
the characteristics of the Iowan till. 
'. 
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The contact of the till with the gravel below is very sharp and there 
is no alteration whatever, both the till and the gravel being distinct to the 
very plane of contact. In one exposure, extending 30 to 40 feet horizon-
tally, a six-inch layer of coarse sand underlies, the till directly and yet 
not the least distortion or mixing is shown. , The contact does not appear 
to have been produced by planation by the ic~ and may represent an 
aggraded surface covered by till without disturbing the material below. 
The contact of the till with the gravel above is not so well shown as is the 
lower contact, but enough was seen to show it has some irregularities. 
The overlying gravel, where thin and coarse, is weathe:ed and iron-stained 
throughout its entire thickness. 
Other Ex posu1'es.-In the east bluff of Mill creek valley in the west 
half of section ~4, Cherokee township, there are a n'umber of exposures 
showing gravel and till interbedded. The till in the upper, steeper part of 
the bluff is Iowan, a brownish' gray or brownish yellow clay with pebbles, 
cobbles and small ocherous masses. These exposures are more fully dis-
cussed , on pages 84 to 89. , 
Many exposures north of the Cherokee region show a till that is not 
typical Kansan, and yet from the small exposures it was seldom possible 
to identify them positively as Iowan till. They are numerous in north-
eastern Cherokee, southeastern O'Brien, ' southwestern Clay and north-
western Buena Vista counties, and less abundant elsewhere throughout the 
Iowan region. Many of them'will be not~d in connection with the tracing 
of the Iowan drift boundary. 
In Spring township of northeastern Cherokee'county the brownish gray 
Iowa,n till was seen on the south lines .of the sou,theast quarter of section 
31 and the southwest quarter of 32; along the ' road leading down to the 
Little Sioux valley north of the center of section 29, where a IS-foot 
exposure of Iowan till rests on a sand horizon containing a lot of clay 
masses; in the upper part of the bluff south of the center of section 21, 
where it is apparently 50 feet thick; and in the west part of section 12, 
75 to 100 yar<;ls southeast of the point where the road crosses the creek; 
the east slope of the valley shows at the top about 40 feet of Iowan till 
resting on sand, while Kansan till forms the lower part of the slope. 
In Brooke township in northwestern Buena Vista county examples of 
fairly definite Iowan till w~re seen in road cuts on either slope ot a ravine 
near the quarter-corner on the south 'of section 22, in the road cut at the 
top of the east bluff of Brooke creek on the north line of section 25, and 
in the cuts on the east of sections 17 and 8. The west bluff of Brooke 
creek on the north of section 23 showed a mixture of sand and possible-
Iowan till. 
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Probable Iowan till was seen in shallow cuts in various parts of "O'Brien " 
county. , Along Willow creek in Liberty township such exposures were 
found in the south bank of the creek at the southeast corner of section 17 
and in the road cut just east of the quarter-corner on the south of the same 
section. The road cut in the south slope of this vallei on the west line of 
section 20 showed " the typical brownish gray Iowan till, with much gravel 
interbedded and in pockets, while down the slOpe near the creek and north 
of the creek a yellowish brown till that is apparently Kansan was exposed. 
Probable Iowan till was seen in the railway cuts of section 6 and 7, High-
land township; as material thrown from a well in the southwest quarter of 
section 31, Summit township; in excavations at Hartley; and at many other 
places. 
West and northwest of Sheldon there are several exposures of probable 
Iowan till which will be noted in tracirig the Io,wan drift boundary (page 
65). The till exposed in excavations at Sibley is very fresh and, in fact, 
this is the general condition everywhere in the northern part of the Iowan 
drift area. " 
South of the Wall Lake outlet in southern Sac county, in the banks 'of 
a small creek valley which follows the Wisconsin drift boundary in the 
west part of section 20, Viola township, two .tills are exposed. The lower 
is Kansan. 'The upper has ~ yellowish gray color where dry and brownish 
gray where "moist. It breaks into flakelike pieces, crumbles to a mealy 
clay and contains many more pebbles than the Kansan. Its contact with 
the Kansan below is relatively sharp and it has a thickness of more than 
20 feet. This' till is "almost id~ntical with the t"ill that overlies the Kansan 
north of Cherokee and is there called Iowan till. "If seen elsewhere in the 
Iowan area; it would be interpreted as Iowan, but being here so" "close 
to the Wisconsin drift area, there is a possibility that it is Wisconsin 
drift. Near the northeast corner of section 30, Viola town~hip, there is a 
roadside exposure of yellowish gray pebbly till that may be Wisconsin 
drift, but it would fit .the Iowan drift better, and it is one-half mile west of 
the creek valley which ' forms the west limit of the Wisconsin drift 
topography. 
THE IOWAN BOUNDARY 
The discussion of the Iowa.n boundary which follows is based pri-
marily on the . work of 1913 and is essentially as given in the manu-
script of 1915. The tracing of this boundary i1'l: the field progressed 
from north to south and the same order is followed in this "description. 
This order was followed in the field because Leverett had definitely 
established the division in southwestern . Minnesota and because its 
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distinctness is strongest there and near the state line, decreasing south-
ward. 
In order to become familiar with the characteristics of the Iowan 
and its boundary in this more definite region, the writer studied the 
Iowan area from the state line in west~rn Nobles county; Minnesota. 
north beyond Adrian, having at the time a tracing of the boundary as 
mapped by Leverett.29 'The marginal portion of the Iowan region 
through western Nobles county is a broad, elevated ridge having at 
places distinctly constructional topograp?y. In general this marginal 
belt becomes less pronounced from Adrian south to the state line, but 
all the region seen by the writer in Nobles county is' positive, and the 
boundary is definite. 
From the State Line to Little Rock River.- The elevated area that 
runs .southward from Adrian, Minnesota, continues into the north-
. central part of Elgin township in the northeast corner of Lyon county. 
It there becomes indefinite and brokeI1 up, on the slopes qf Little Rock 
river valley, and south of the Little Rock it is no longer sufficiently 
prominent to be-mapped as. a morainic belt separate from the Iowan 
drift plain. In fact, the east boundary of this marginal belt north of 
the Little Rock is quite indefinite, and a marginal belt, separate from 
the Iowan drift plain, is not sh'own on Plate 1. The course of the 
boundary southward through west-central Elgin township is shown on 
Plate 1. . 
To the north and west ·of the village of Little Rock there are a num-
ber of kamelike gravel hills, forming probably the most pronounced de-
yelopment of these features found in the Iowan area south of the state 
line. In general they rise only 10 to 15 feet above their surroundings, 
but one in the southeast quarter of section 23 rises 25 feet above its 
surroundings, so as to be a rather prominent feature, especially' from ' 
the valley to the south. It is figured in the Lyon county report30 and is 
there interpreted as part of the Altamont moraine. In · the southwest 
part of section 27 the topography is plainly constructional, with a num-
ber of gravel hills , and a dozen or more low ·swells with pebbly surfaces 
appear west of the center of section 34. 
The boundary of the Iowan drift crosses the state line into the northeast 
part of section 7 of Elgin township and runs southeast through the south-
29 Later published by Leverett and Sardeson on Map of Surface Formations of Minnesota, 
Sheet 3: Minnesota Geol. Survey, Bull. 14. . 
so Iowa Geol. Survey., Vol. X, p. 133, 1900. 
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west corner. of section 8 and diagonally across sections 17 and 21, the 
boundary lying a short distance to the west of a westward facing slope 
(Plate I). The railway through section 17 follows along the base of this 
slope and along the Iowan boundary. In the southeas,t quarter of section 
21 the boundary , turns southward and through the east part of section 28 
is,one-fourth to one-half mile west of a crest along the section line. West 
of this crest the southwestern part of Elgin township i~ slightly rolling, 
sloping gently to the west: East of the crest the region is' more rolling , 
and the relief, i5 in part at least constructional, including 'the gravel hills 
of sections 26, 27 and 34. Gravelly swells appear also at several places 
in the northeast quarter of section 33, just east of the quarter-corner on 
the south line of section 33, and south of this corner in section 4. The 
boundary runs south through the center of section 33 and section 4, Grant 
township, to Little Rock river valley. 
Along Little Rock River , and Otter Creek.-Crossing to the east 
side of Little Rock river valley in section 4, Grant township, the boun-
dary , follows the valley southward across Grant township and south-
westward across the northwest corner of Dale and the northeast part 
of Wheeler townships to the entrance of Otter creek in s.ection 21 
(Plate I). I~ the southern part of this , course in Dale and \Vheeler 
townships the boundary bends ,westward S0 miles in making 30 
miles to the south. 
in this course along Little Rock river a slight difference in the to-
pography is noted in passing from one side of the valley to the other. 
To the west the region has more open valleys with long smooth slopes 
and definite divides, affording long views either along or across the 
valleys. To the east the larger topographic features still seem to be 
due to pre-Iowan erosion, and the area is well drained, but the valley 
slopes are not so smooth, and the valleys are somewhat obstructed"giv-
ing to the whole region a more billowy surface. The difference is not 
such that one can 'identify each quarter section as belonging , to one or 
the other division, but larger areas must be considered. There is noth-
ing along this margin to suggest the marginal morainic belt that exists 
farther north, and in fact much of the central part of ,Grant township 
has very few constructional features in its topography. More char-
acteristic IowaI} drift topography is found farther east along the 
county line and in West Heilman township of Osceola county. 
Eastern and central Grant township drains by westward flowing streams 
to the Little Rock. The relief is 30 to SO feet and the surface is moderately 
-
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rolling. Although there are quarter sections or even whole sections that 
are indecisive, the whole of the township east of the river has been included 
in the Iowan. Some of the evidence for bringing the boundary westward 
to the valley is as follows: The northwest part of section 9 has an 
undulating surface, with poorly drained depressions, sandy material at 
places, and bowlders on the slopes of the valley. The valley slope on the 
west line of section 9 show~d gravel overlain by a mixture of till and 
gravel, the till being of the type that is considered Iowan. The southwest 
.quarter of section 9 has an undulating surface on the 'valley ,slope and the 
southwest part of section 16 shows the same features to a less degree. At 
the quarter-section corner on the south '0£ section 20, at the very edge of 
the valley is a gravel mound cut by the road grading, and several other 
'pebbly swells are found in , the field just north of the road. There is an 
undulating surface just southeast of the center of section 20. The soil is 
in places sandy, as on the east of section 29, the north of section 20 and 
elsewhere in Grant township, and pebbles appear on many low swells 
or are exposed in shallow road cuts. All these are characteristic features 
of the Iowan drift but ~ot of the Kansan of this regIon. Besides these 
more specific cases alo~g the valley margin there is, as noted ab<,:lve, the 
general undulating surface of all the region to the east of the river. 
Along the east side of the valley through 'Wheeler township there is very 
cbnc1usive evidence that the Iowan region extends to the valley's edge. 
A billowy surface is found' in many places, sandy material is present in the 
soil, and a few bowlders lie on the surface. In the north 4al£ of the 
southeast quarter of section 11, south of George,. the surface is billowy, 
and similar topography appears also in section 23, the east part of section 
21; section 27, the north part of section 35 and elsewhere. Sandy places 
exist along the roads on the west of sections 14 and 23 and on the north 
of section 27, and pebbl;y surfaces were seen in the northeas! quarter 
of section 27, the southwest quarter of section 22, the southeast quarter 
of section 21 and the northeast quarter of section 35. Some of these 
gravelly places are on low swells that are evidently gravel hills. Bowlders 
lie along the fence rows at several places, as near the- southwest and south-
east corners 'of section 22 and around the northwest corner of section 36. 
The evidence therefore seems conclusive enough that the ice pushed out 
to the valleys across Wheeler township, even into section 2l. 
Eastern Wheeler township for several miles east from the valleys is 
much like the central part of Grant towt:J.ship; moderately rolling, well 
drained, and with only the scattered bits of evidence noted above that the 
Iowan ice covered it. To the east the topography becomes less rolling 
and in ,Dale township a typical development of the ,slightly rolling Iowan 
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drift plain with a relief of 10 to 20 feet is found. In no place is there a 
topography of terminal moraine aspect. . 
In section 21 of Wheeler township, Little Rock river is joiried by 
Otter creek, . which enters from the southeast. At the uni~n of these 
valleys the Iowan houndary changes its direction to southeast and fol-
lows up the northeast side of Otter creek valley across southern 
Wheeler township and across the northeast corner of ' Sheridan town-
ship, Si'oux county, a distance of about five miles (Plate ' I). Here, 
in section 7 of Grant township, southwest of Matlock, Otter creek 
changes its direction and heads off to the northeast, but the Iowan drift 
boundary crosses the valley and continues its course southeast. 
_ Gravel deposits appear along Little Rock river and Otter creek val-
leys where they flow along the drift margin and to a less extent along 
Otter creel<: and Rat creek within the Iowan drift area. There are low 
benches at many places along Little Rock river, remnants of the valley 
filling. The gefleral width of the flat of this valley is about half a 
mile, most of which is below the bench level. 
After the change of direction at the mouth of Otter creek the 
Iowan drift boundary holds a regular course east of south across sev-
eraI' co~nties (Plate I) , a course parallel to that across southwestern 
Minne~ota. Between these two parts the boundary curves westward 
in ~astern Lyon county, exten<;ling into the angle betwJen Little Rock 
river and Otter creek. In Minnes~ta the ice which reached the Iowan 
drift boundary had to cross the high · area known as the Coteau des 
Prairies. This high area breaks down in southern Nobles county, and 
south of this region the ice moving obliquely toward. the boundary had 
an easier course and was able to push farther to the west. The ice 
that crossed the line of the Coteau des ,Prairies ,in southern Nobles 
and northern Osceola countie~ probably reached the bouI).dary in south-
ern Lyon cou~ty, causing the westward bend described above. The ice 
found in western Osceola county a rather level upland 'and in Dale 
township a very level plain, so that it was able to push out to the 
valleys of Wheeler township. 
Alternative Boundary in Lyon County.-'-West of the boundary 
traced through Elgin township and extending westward for about 
two mi~es into. Midland township and covering the contiguous corners 
of Liberal and Grant townships to the south, is an indefinite area in-
cluded in Wilder's "Wisconsin, Partially Stratified" unit (figure 3). It 
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has an even surface in part, sloping gently westward, and there is con-
siderable gravel along the stream courses. The topography is, in gen-
eral, more like Kansan than Iowan but somewhat filled up by gravel 
along the stream courses. Till exposures were seen on the west lines of 
sections 20 and 17, Elgin township, but they are of the questionable 
type, neither distinctive Kansan nor Iowan. Some low gravel hills on 
the north of section 36, Midland township, and gravel deposits around 
the northwest corner of the same section suggest Iowan. The west 
half of · Midland township has definite Kansan topography and till. 
It s.eems better to leave this indefinite area of western Elgin and east-
ern Midland townships in the Kansan region, but modified ~y Iowan 
outwash. 
Northwest of George in sections 34 and 27, Liberal township, there 
is a north-south ridge and in section 26 a hill that may be construc-
tional, but they are not positive. A similar northeast-southwest ridge 
exists in section 19, Grant township. These features suggest that the 
Iowan ice sheet crossed Little Rock river valley in Grant township and 
had its edge in eastern Liberal township. A suggested boundary that 
would include these possibly constructional ridges northwest and north-
east of George, as well as some of the indefinite area of western -Elgin 
township, is shown on Plate 1. It is three to four miles west of the 
boundary traced above, in southwestern Elgin and Grant townships. 
It passes along the west side of the ridge northwest of George and 
thence south to join with the boundary traced above, at the mouth of 
Otter creek. 
This alternative boundary would bring within the Iowan th~ pos-
sibly constructional ridges near George but has little else to support 
it farther north. It would not bring into the Iowan the whole of the 
"Wisconsin P~rtially Stratified" unit of Wilder. To do so would re-
quire a north-south boundary through the centers of Liberal and Mid-
land townships. The boundary traced in the foregoing section, which 
follows the Little Rock river valley, uses, more consistently, those char-
acteristics upon which the boundary is based to the north and south. 
From Otter Creek to Floyd River.-After crossing _ Otter creek 
southwest of Matlock, the boundary runs southeast across Grant town-
ship and reaches Floyd river in the northeast corner of Lynn township, 
southwest of Sheldon (Plate I). For most of this distance the boun-
• 
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dary is well defined, being marked either by a southwestward facing 
slope or by a ridge that overlooks the region in either direction. 
To the northeast of the boundary the central part of Grant township 
has a characteristic Iowan drift topography of slight relief and undu-
lating surface,. with locally, as in the east half of section 16, a tendency 
toward marshiness. To the northwest along Otter creek and to the 
southeast along Floyd river the relief is greater and the Iowan drift 
characters are not so well defined. 
Outside the boundary the Kansan drift topography is characterized 
by broad, open valleys with long, smooth slopes. Sheridan township, 
southwest of Otter creek, has a moderately rolling erosional topog-
-raphy near the valley, but to the southwest this passes into an upland 
of slight relief which covers the central part of the township. This 
upland has less relief than most of the areas of Iowan drift, but here ill 
the valleys are broad with smooth slopes and head in a level plain. 
The course of ' the boundary is not well defined through section 7; Grant 
township, just south of Otter creek, but in the northwest quarter of section 
17 a ridge or southwestward facing slope begins and continues southeast 
through the southeast part of section 17, the southwest corner of section 
16 and the northwest quarter of section 21 and dies out in the south part 
of section 21. A similar slope appears again in the northeast quarter 
of section 28 and continu·es either as a front or as a ridge diagonally 
through sections 27 and 35, across the northeast quarter of section 2 and 
the west part of section 1 of Lynn township to Floyd river (Plate I) . In 
the southwest quarter of section 16 the outer slope of the ridge -rises 30 
feet in a short distance, the crest is about 200 yards wide, and a slope 
leads down to the Iowan plain to the east. Through section 27 the front 
has an altitude of 15 to 20 feet. 
Opportunities for observing the drift are few along this part of the 
boundary. In the material thrown from a well on the sO,uth line of section 
6, Grant township, two tills were apparently . represented, and in the south-
west quarter of section 16 ash-colored sandy till with pebbles, apparently 
Iowan, continues to the surface of the ridge which here forms the 
boundary. The sandy material found at many places along the boundary 
farther north does not appear south of Otter creek, but pebbles were found 
along the ridge in the southwest part of section 16. The boundary here is 
largely a topographic boundary, but it is sufficiently well defined, being 
marked by the contrast of the topographies to the northeast and to the 
southwest and for most of the distance by a ridge or a low southwestward 
facing slope. 
• 
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From Floyd River to Mill Creck.-Crossing Floyd river southwest 
of Sheldon the boundary continues southeast across southern Car-
roll, northeastern Baker, southwestern Dale and northwestern Union 
townships, O'Brien county, to Mill creek southwest of Paullina (Plate 
I). On the county line south of Sheldon there is a low ridge along the 
border, and its crest overlooks, to the southwest a thoroughly dissected 
Kansan drift plain, and to the northeast a slightly rolling, billowy 
Iowan drift plain in which the location of -the drainage courses is not 
distinct. The contrast of the views to the southwest and northeast 
from this ridge is one of the best along the Iowan drift boundary. 
In the southwest corner of Dale township the boundary comes into 
the valley of Mud creek and follows down this valley to Mill creek. 
The Iowan drift boundary crosses Floyd river in the northwest quarter 
of section 12, Lynn township, Sioux county. It thence runs southeast 
through the southwest quarter of section 12 and the northeast quarter of -
section 13 along the base of the outer slope of the low ridge noted -above. 
Continuing into Carroll township of O'Brien county, it passes through 
section 18, the nQrtheast part of section 19, and the south part of-section 
20, marked by a low swell with a low front to the southwest. To the north~ 
east, sections 18, 17, 20 and 21 have a slightly rolling, billowy Iowan sur-
face, while to the southwest the valleys are broad and the slopes smooth. 
The boundary through southern Carroll and northeastern Baker town-
ships is' less definite. Low northwest-southeast ridges in the northwest 
quarter of section 27 and the southwest quarter of section 35, Carroll town-
ship, and the 'southwest quarter of section 1, Baker township, suggest a 
boundary along this course, but the topography and an exposure on the 
east line of the northeast quarter of section 33, Carroll township, indicate 
that the ice really advanced one-half fo one mile southwest of the low 
ridges. The boundary is mapped as running southeast through the north-
east part of section 29, the southwest corner of section 28, the northeast 
part of section 33, and the southwest corner of section 34, Carroll town-
ship, and continuing through the northeast quarter of section 3, the south-
west quarter of section 2, the northeast quarter of section II, the southwest 
quarter of section 12 and the east part of section 13, Baker township. In 
these sections there is not even a low front at the Iowan drift m.argin, and 
the Kansan drift region just outside the boundary is only slightly rolling 
and in part is even more level than the Iowan, wh€re the latter has its 
usual development. 
An interesting shallow roadside exposure existed about 80 rods 
south of the northeast corner of section 33, Carroll township, in 1927. 
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The relations of the several parts exposed are shown in the sketch 
forming figure 10. A low mound cut across by road grading consists 
F,G. lO.-Sketch of a roadside exposure about 80 rods south of the northeast corner of section 
33, Carroll township, O'Brien county, showing the relations of Iowan till on the flanks 
of a low gravel mound to the overlying loess and t.o the gravel below. . 
largely of gravel. On the flanks Iowan till overlies the gravel, wedg-
~ng out up the slope before reaching the top. The mound is covered 
with a coat of loess about three feet thick on the lower slopes but thin-
ning toward the top of the mound, as is usual, to less than two feet 
and becoming somewhat sandy. The depth of leaching in the loess is 
about two feet which, over the crest of the hill, is sufficient to go 
through the loess into the gravels. The gravel beneath the till and 
beneath the unleached loess is unleached, but over the center of the hill 
where the loess is' entirely leached the gravel below is leached to a 
depth of four feet below the surface. The relations l?etween the 
leached and unleached gravels and between the other units show clear-
ly that leaching has progressed much more rapidly in the gravel than 
in the loess or other· more compact materials. The till and gravel are 
of the type more definitely recognized as Iowan and show that the ice 
pushed this far southwest. About half a mile farther south on the west 
of the southwest quarter of section 34 the roadside cut showed beneath 
the soil one ·foot of fresh gravel over brown till, with many calcareous 
concretions, which should be Kansan. The boundary is drawn between 
these two exposures. 
A low ridge, barely recognizable on the east line of Baker township, . con-
tinues southeast into Dale township through sections 18 and 19, and in-
creasing in size southward, becomes a ridge of some prominence in the 
. east part of section 30, the southwest quarter of s(!ction 29 and the central 
part of section 32. The topography along this ridge and to the east in 
sections 18 and 19 is plainly constructional. The Iowan drift boundary 
lies along the west base of this ridge across the southwest quarter o.f 
section 18, the west-central part of section 19, the east-central part of sec-
tion 30 and along the line between sections 31 and 32. Near the south-
west corner of section 32 a creek bank showed three feet of loess, leached 
. . 
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nearly to the base, resting on three feet of fresh gtavels of the Iowan type. 
In the northeast quarter of section 31, Mud creek, which has had a north-
easterly course for four miles, is within one mile of Mill creek, from which 
it is separated by the ridge 40 to 50 feet above it which marks the Iowan 
drift boundary: The creek here turns sharply to the south and flows 30 
I , 
miles before joining Mill creek. 
In northern Union township a billowy glacial topography appears on 
the elevated area separating Mud creek from Mill creek, and the boundary 
follows the east slope of Mud creek valley through sections 5, 8 and 17 
to Mill creek valley. Shoulders of sand and gravel begin to appear in Mud 
creek valley in section 5 and become more numerous southward until in 
section 17 an almost continuous bench borders either side of the valley 
at an altitude of 20, to 25 feet above the stream. The road on the east line 
of section 17 is on this bench, and the road cuts show many exposures of 
dirty sand and gravel. Bowlders were seen in the northeast' quarter ' of 
section 17, at the southwest corner of section 9 and along the road south 
of the center of section 9. 
Along Mill Creek in S01tthern O'Brien and Northern Cherokee 
Counties.-In southern O'Brien and northern Cherokee counties the 
region to the east of Mill creek shows in most places the characteristics 
of the Iowan drift plain, while the region to the west shows those of 
the Kansan. The boundary, therefore, for this distance of 15 to 20 
miles from the mouth of Mud creek, southwest of Paullina, southeast 
to Little Sioux river' is placed along the east edge of Mill creek valley 
(Plate I). If this were the margin of a drift sheet of more pronounced 
characteristics the boundary probably would be found to run in general 
along the east side of the valley but not always exactly at its edge; 
but with a drift sheet of this type there is nothing definite enough about 
the boundary to justify minor irregularities, and it has seemed better 
to draw a more generalized boundary, following the valley edge. In 
sever~l places the Iowan topography comes up to the edge of the valley 
and it generally can be r;ecognized within one to two miles of the val-
ley, hut it would not be possible to prove tha,t the Iowan ice reached 
the valley at all places. 
West of Mill creek the well dissected Kansan topography with broad, 
open valleys ,and rounded slopes is found. , Farther back to the south-
west the relief decreases and the topography passes into the more level 
upland type of Kansa:n plain. 
A prominent characteristic of Mill creek valley is 'the presence of 
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great gravel deposits along it. These begin as filled-in areas west of 
Primghar, where the creek has cut little more than a channel into the 
aggraded plain. Southward the cutting below this plain increases and 
shoulder-like benches appear along the valley sides. At the county 
line the benches are 50 feet above the creek, and near the mouth of 
Mill creek they stand 90 to 100 feet above the stream (figure 23). 
The gravels of these benches are discussed further on pages 156 to 158. 
Great quantities of gravel have been removed in the excavation of the 
immediate valley of the present stream, and when these are taken into 
consideration along with that which still remains in the benches, we 
get some conception of the enormous qu'antity of gravel that was de-
posited along Mill creek valley by the waters that flowed out from the 
Iowan ice front. . , 
Mill creek valley was a stream valley in pre-Iowan times, for it has 
a long slope leading down from the west. In two places, however, the 
creek may have been diverted locally. One of these is in southern 
O'Brien county south ot Paullina, from the mouth of Mud creek to the 
mouth of Nelson creek; and the other is in Cherokee township, from 
the north part of section 10 to the mouth of Mill creek. 
Just opposite the mouth of Mud creek, southwest of Paullina, a high 
,ridgelike area begins and continues, with several mino'r offshoots, south-
east through sections 21, 28, 27, 34 and 35, terminating just south of the 
county line. The area is almost surrounded by valleys, has a relief of 30 
to 50 feet, and drains outward in all directions. Its characters are not 
positive and it may be questioned whether it should be included within 
the Iowan. If it is not included, the boundary should pass from the mouth 
of Mud creek east along Mill creek across section 16 and southeast along a 
low course diagonally across section 22 to Nelson creek valley and thence 
down this valley through sections 26 and 36 to Mill creek valley. 
The crests of this high area stand at an altitude of 85 to 100 feet above 
Mill creek, which bounds it on the north, west and south, and above Nel-
son and Willow creeks on the east. Because of this greater relief the 
billowy topography characteristic of the Iowan drift is not present and yet 
the drainage courses are not the broad, open valleys characteristic of the 
Kansan. At several places erosion.has just started to notch the slopes, and 
sections 21, 28 and 27 show faint indications of Iowan drift. After con-
sidering in the field all the possibilities, it seemed best to include this 
elevated area of south-central Union township in the Iowan and place the 
boundary along the east slope of Mill creek valley. 
South of the mouth of Nelson creek there is fairly conclusive evidence 
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that the ice pushed up to the east edge of Mill creek valley, on south to its 
union with the Little Sioux. Central Cedar township has typical Iowan 
topography and in most places this continues to within one to two miles 
of the valley and locally up to its very edge. Along the township line on 
the west of section 18 an area only three-fourths of a mile from the valley 
is slightly rolling over an extent of 40 ' acres; and there are similar areas 
near the valley in the central part of section 19, in the southwest quarter of 
section 28, in the north half of section 33, and in the central part of section 
3 and the southwest quarter of section 11 of Cherokee township. 
A cut on the east side of a rav.ine on the north line of the northwest 
quarter .of section 20, Cedar township, shows lighter colored till, probably 
Iowan, over a yellow-brown tilt" that is certainly Kansan. Other exposures 
of till interpreted as Iowan along or near this boundary are noted on pages 
56 to 58 and 84 to 89 of this report. 
From the Mouth of Mill Creek Southeast ,to Maple River.-At the 
mouth of Mill creek the Iowan boundary comes to the valley 'of the 
Little Sioux, and from here southward past Cherokee and southeast 
to Maple river the location of the boundary is quite uncertain. The 
Iowan ice pushed up to the edge of the Little Sioux valley, southward 
to a point opposite Cherokee, for the billowy Iowan surface is well 
developed in sections 13 and 24, Cherokee township, and in the south-
west quarter of section 25 at the very edge of the valley. The edge 
of the ice probably was within the Little Sioux valley southward across 
sections 23 and 26 to Cherokee, for deposits exposed along· Spruce 
street in the north part of the town appear to.be Iowan drift (page 71). 
The region east and southeast of Cherokee in southwestern Afton 
and northwestern Pitcher townships has a billowy topography of the 
Iowan type, while the region south of Cherokee in northeastern Pilot 
township has a well dissected erosional topography. The boundary 
bet~een the two regions is not very definite but a comparison of the . 
topographies usually serves to locate it within a mile or le~s. The posi-
tion of the boundary as rp.apped on the basis of topography is shown 
on Plate 1. 
The Iowan drift boundary as here mapped leaves the Little Sioux val-
ley east of Cherokee, where the valley swings to the southwest, and runs 
across section 36, Cherokee township, the northeast quarter of section 1 of 
Pilot township, and the southwest quarter of section 6, Pitcher township; 
On the north line of section 7, Pitcher township, the front is marked by a 
rise of 20 to 25 feet where the boundary crosses from the Little Sioux to 
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the Maple river drainage. The boundary thence passes through the west-
central part of section 7 and, with less definite characters, through the east 
part of sections 18 and 19, to the Maple river valley in the southwest 
quarter of section 20 (Plate I). 
Alternative Boundary just South of Cherokee.-The tracing of the 
Iowan boundary from the mouth of Mill creek to Maple river is based 
upon the sam~ criteria as the boundary to the 'north and south. There 
are, however, certain deposits at and south of Cherokee that suggest 
a different boundary farther west than the one traced above. Because 
these deposits bear primarily upon the location of the Iowan boundary, 
they will be discussed here as a basis for the statements concerning an 
-alternative boundary. 
A cut on Spruce street, just east of Second street, in the north part 
of Cherokee, within the area of the higher bench level, showed a great 
diversity of material including gravel, sand, bowlders and till layers. 
There are many alternations of the material horizontally a~d vertically. 
The gravel is coarse, dirty, and contains many large bowlders. Clay-
balls are abundant, and in some horizons there is only a little gravel as 
matrix between the large Glay masses. One bed appeared to be till,. 
but when it was dug into, ~he material separated into rounded masses 
of till which are packed together without matrix. Also there are lenses 
or layers of Iowan till, too large to have been floated in, which must 
have been deposited directly by the ice. The upper seven or eight feet 
of the cut showed the more common valley gravels overlain by loess. 
This exposure, which is in the northwest quarter of the southeast 
quarter of section 27, could ·be accounted for as Iowan by the very 
probable interpretation that the part of the Iowan ice sheet within the 
Little Sioux valley pushed a little farther southward than did the ice 
on the broken edge of the upland just to the east. This outcrop does 
not require an alternative boundary. . 
One hundred yards northwest of the Illinois Central Railway round-
house, in the southwest part of Cherokee, an abandoned .pit on the 
valley slope showed about 10 feet of yellow sand and gravel overlain 
by about 25 feet of till, wh~ch is apparently Kansan. A slope, appar! 
entlY of till, Hses about 20 feet higher to a high bench of the Little 
Si~ux valley, underlain by at least a few feet of gravel. The till is 
chiefly blue-gray pebbly clay as fresh, oxidizing to yellow clay with iron 
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staining along the joints. It contains many calcareous concretions and 
has much sand and gravel mixed through it. 
The possibility of this being an exposure of Iowan till over sand and 
gravel, all taid down in the Little Sioux valley by a slightly greater 
extension of the prong of Iowan ice within the Little Sioux valley 
suggested above, was fully considered in the field. The till, however, 
is not the type commonly called Iowan and its thickness is greater than 
any known thickness of undoubted Iowan. "-
The base of the sand and gravel was not exposed, but the exposure 
is but slightly above the bench upon which Cherokee stands and which 
is underlain by Nebraskan till. The till above the sand and gravel is, 
therefore, at the horizon of the Kansan of this region, with which it 
agrees in its characteristics. Such an interpretation would place the 
sand and gravel at the Aftonian horizon, but they are calcareous and 
not notably. altered at the contact with the till above. They are be-:-
lieved to be outwash in front of the advancing Kansan ice sheet, which 
then deposited a thick till horizon over the sand and gravel. The 
gravel is more highly oxidized than the usual valley gravels and the 
limestone pebbles are more or less altered. In a pebble count of 100 
pebbles, 45 were limestone, but of these only three were classified as 
fresh compact limestone. The till' and the underlying sand and gravel 
are interpreted as Kansan. 
The east-central part of Pilot township south of Cherokee is sharply 
dissected by several smaIl creeks that head in the east part of the town-
ship. Along these creek valleys are a number of exposures of sand and 
gravel, silt, till, etc. The north one of these creek valleys in sections 
10, 11 and 1 heads in the Iowan region as the boundary is traced 
above, but its branches from the south and the other ravines fa,rther 
south do not rea~h the Iowan area as mapped. This is a questionable 
area lving just outside th~ Iowan boundary as traced above, or it may 
be inclu,ded in the Iowan region by placing the boundary farther south-
west. The silts are in general of the type found in valleys at various 
places in northwestern and western Iowa and assigned to the Loveland 
(page 49). With these silts, in the valleys of northeastern Pilot town-
ship, an unusual amount of gravel is associated and interbedded, and 
this gravel is, in general, like that of the Iowan region. 
The most northern one of these creeks heads in the southwest corner of 
Afton township and flows southwest diagonally across section 1, the north 
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part of section 11, and the central part of section 10, Pilot townshiJ;>. Its 
head is within the Iowan boundary as traced above, across the northeast 
part of section 1, and the usual valley gravels are present along the valley in 
section 1, overlain by the loesslike clay. Farther down the valley some 
exposures show a considerable thickness of clean, fine gravel and quartz 
sand, as in the railway cut in the northeast quarter of section 11, and above 
a prominent spring zone on the south side of the valley near the west line 
of section 11. In other exposures silts and silty sands predominate. 
Th~ higher terrace of the Little Sioux valley continues into the lower 
end of the valley in section 10 and is represented by gravel benches up the 
valley almost to the township corner . . Similar benches are also present 
along tributary branches from the southeast in section 11. In its lower 
<:ourse this creek valley is down in the horizon of the Nebraskan till and in 
section 10, where the creek crosses the terrace area of the Little Sioux, there 
are exposures of this till 30 to 50 feet above the creek bed. The gravels 
of the Little Sioux bench here rest on the Nebraskan till. 
In the southeast corner of section 2 at the union of a ravine from the 
north with this creek valley the following section was exposed: 
FEET 
7. Gravel, fresh, unleached .. . ....... : . ..... . . .. .. . . .. . . ... . ... ... . . . . 4 
6. Clay, buff, nonca:1careous, loesslike, silty . . ......... . ......... .. . . .. 4 
5. Loess, blue, nonca1careous, silty . .. . . ... .. . ........... ... . . . . . . .... 1 
4. Sandy silt and fine sand; buff, nonca1careous ... . .. . .. . . . .. . ... .. .. . 2 
3. Silt, dark blue, noncalcareous . ... ...... . .. .... . . ... . ... . ...... . .. . . 5 
2. Sand, brown, nonca1careous, with blue silty bands . . .. . .... .. . .... . . 3 
1. Gravel, coarse, unleached, with cobbles and bowlders . . . .. . .. . . ... .. 3 
The fresh calcareous gravel at the top (No. 7) is interpreted as Iowan. 
Zones 6 to 2 below form a unit of calcareous silts and silty sands 15 feet 
thick and are interpreted as Loveland. It seems more probable that they 
accumulated as noncalcareous sediments derived from leached surface ma-
terials, rather · than that they have been leached in place, especially since 
the next horizon below (No.1) is a calcareous gravel but contains no cal-
careous concretions. Number 1 is also interpreted as Loveland. Its base 
was not exposed, but it probably rests upon till as does the similar horizon 
(No.2) of the succeeding section. 
Farther up this creek near a railway bridge in the southwest ~orner of 
section 1, the bank shows about 12 feet of the Loveland 'horizon consisting 
of blue, silty material above and brownish blue, humus-bearing' material . 
below, with some snail shells. ' 
An exposure in the west bank of the creek south of the east end of a 
railway cut in the. northeast quarter of the northeast quarter of section 11 
showed the following: 
I 
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.' FEET 
8. Clay, brown, weathered, including soil above :.. ... . . . . . . . . . . . . . . . .. 2~ 
7. Silt, blue-gray, and brown, sandy silt .. ... .... .. . .... .. . . . : . . . . . . . 2 
6. Silt, blue-gray, with some sandy silt . ..... . . . . .......... .. . ; ... . . 3 
5. Sand, yellowish, fine-grained, with a few bands of dark blue-gray silt 2 
4. Silt, dark blue-gray, sandy . . . . . ... . ............ ... ... . ... .. ... .. 2~ 
3. Sand and silty sand with some pebbles . .. . . . ... .. . . .. . . . . . . . . . . . . . 1 ~ 
2. Gravel, very ' coarse, with cobbles and bowlders .. . . .. . .. . . . . . . . . . . . 5 
1. Till, light brown, gummy. N ebraskan ......... . .. . .. .. .. ... .. ... 13 
The material is quite variable and a section a short distance laterally might 
be quite different in details. Zones 4 to 8 are the type of material that 
cnaracterizes the Loveland and zones 2 and 3 below must go with the 
Loveland also. The whole makes a thickness of 18;;'; feet. The silt zones 
(4 to 8) are noncalcareous, while the gravel zone (No.2) contains lime-
stone pebbles. 
In the creek bank just.south of a railway bx;idge in the northwest corner 
of the southwest · quarter of the northeast quarter of section 11, Pilot 
township, the following section was seen: 
FEET 
4. Gravel, unleached. Iowan . ... .. . . ..... . .... . . . .. .. ... . . ......... . 4 
3. Clay, 'dark gray to dark drab, noncalcareous, compact, silty .. ..... . .. 3 
2. Sand and silty sand, noncalcareous ... . . .. .. . . . . . . . . . . . . . . . . . . . . . . . 4 
1. Till, brown, calcareous. Kansan , .. .. .. ... . .. . ............. . .. ,' .. . 
A few rods farther southeast is a much higher bank, but it was so badly 
slumped that the section could not be made out. It is Kansan till at the 
base, overlain at places by one to two feet of coarse ferruginous gravel 
and then by 12 to 1.5 feet of noncalcareous brown loesslike clay and silty 
sand, which apparently is Loveland but all badly slumped and poorly ex-
posed. A grass-covered steep slope rises 15 to 20 feet higher. 
In the bank of a tributary of this creek valley from the southeast, just 
south of the north line of section 14, the following section was exposed: 
FEET 
5. ' Surface loam, dark yellow '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6 
4. Gravel, light colored, calcareous . . ... . . . . ..... . . ..... ... . . ....... 12 
3. Silts, brownish yellow, with a strongly ferruginous layer at the top 4~ 
2. Bowlder zone with a pebble matrix ... . ...... .. .. ... .. . ..... . . . . . 1 
1. Till. Nebraskan . . . .. . . .. . . .. .. . .. . .. .. . . . .... .. . .. . . . . .. .. . . . . 10 
Zone 5 is probably surface wash, zone 4 is probably Iowan gravel. Zone 
3 is Loveland and the strongly ferruginous layer at its top may represent 
an old soil zone, or it may be simply a concentration of irony material at 
the top of a relatively impervious zone. 
Near the east line of section 10 in the south bank of the creek is an ex-
posure which was studied in 1910 and again in 1927. At the later date the 
exposure was as shown in figure 11 but was too irregular for a section. 
The till at the base is Kansan. The horizontally bedded gravel at the top 
is Iowan. The irregular unit of gravel, sand, silt and till between cannot be 
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definitely placed. The irregular mass of till at the top of ~his unit is some-
what lighter in color than the usual Kansan, but this is commonly true of 
the till associated with gravel. 
FIG. ll.-Sketch of an exposure in the creek bank near the east line of section 10, Pilot town-
ship, Cherokee county, showing a greatly contorted and mixed sand and gravel mass 
resting on Kansan till and with probable Kansan till above. The horizontally bedded 
gravel and sand at the top is apparently Iowan. 
The irregular character of this unit suggests that a deposit of sand and 
gravel was plowed by an ice sheet which distorted it and introduced the 
till at the top. If the upper fill is Iowan, then the Iowan ice sheet extended 
to this place, overrode and distorted the gravel which had probably been 
deposited just in front of the ice sheet, and introduced the till. If the ~pper 
till is interpreted as Kansan, then the Kansan ice sheet plowed up a deposit 
of gravel which had possibly been formed just in front of the ice sheet and 
incorporated a mass of it in the Kansan till; or a deposit of gravel within a 
moulin up in the Kansan ice sheet might have furnished the gravel. If all 
the till is Kansan, then this mass belongs to the class of included gravel 
masses to be discussed on pages 111 to 115. 
The elevations of the various exposures of unquestioned Nebraskan and 
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Kansan tills along these creek valleys show that the Kansan dri ft sheet was 
laid down on a surface' of Nebraskan till which had a relief of at least 50 
feet. If the upper till is Iowan, then it was deposited down in a valley 
75 to 100 feet deep, cut. through the Kansan drift into the horizon of the 
Nebraskan drift, as shown by the Kansan and Nebraskan exposures on 
the upper slopes of this valley, one-fourth mile to the north. The writer 
interprets all the till of this exposure as Kansan and the irregular gravel 
mass below the upper till as Kansan gravel included in Kansan till. 
The next creek valley to the south in section 23 and the northeast part 
of section 22 has similar deposits. The south slope of this valley in the 
northeast part of section 22 showed the following section. ' 
FEET 
5, Gravel and sand in alternating layers, calcareo.us, with pebbles and 
some cobbles up to 8 inches in diameter .. , , . , . , . ... , . . , . , ... . ... ,. 17 
4, Sand, yellow, calcareous, medium-grained, with coarser ' layers in up-
per part and grading downward to fine-grained sand with silty layers 15 
3. Silt, sandy silt and fine sand in alternating layers, calcareous, blue to 
brown, compact .... , . , . . , ... . , . . . . , ;. ,',., ... " . ".,., . , .,.,',.. 17 
Some of the silt layers contain snail shells, 
2. Sand, coarse, and fine-grained gravel with a layer of bowlders at the 
base . . . , . .. . . ,.,., . . , .. , ." . .. . "."." . , . , . . , .... . " . .. , .. ,.... 5 
Material greatly iron-stained, but calcareous and locally cemented. 
Copious springs issue at the base ·of this zone. 
1. Till, tough, greenish blue, with a very few pebbles. Nebraskan .. ' ... 9 
The principal silt division (No.3) is certainly the same as that called 
Loveland in the valley to the north, but here it is , calcareous and also ap-
pears to grade through sandy silt and fine sand (No.4) to the gravel 
horizon at the top as if the whole belonged to one unit. 
About 150 yards southeast of the large exposure just noted, the south 
bank of the ravine showed the following: 
FEET 
3. Silt, calca.reous, and sandy silt, in alternating layers ., ... " .. ", .... ' 5 
2. Loesslike clay, blue, calcareous, with many snail shells, ..... . .... .. . 5 
1. Gravel, calcareous .. ,: .. , . . , . . .. . ,",.,., . . .. . " . . , .. , ... .... , . . , 4 
Farther up this creek valley near the quarter-section line in the north part 
of section 23 there are several exposures of silts and gravels too badly 
slump<;d to yield sections. . 
In the southeast quarter of the northeast quarter of section 23, about 
100 yards west of the road, the north bank of this valley showed the 
following: 
FEET 
6. Loesslike clay, buff to brown. leached, with a few thin seams of 
sandy material . ,', ., .. , .. ... , . . " . , .. : . . . . , .. .... ,', ., ', ' , .. . ,,' 6 
5. Silts, calcareous, sandy, with a few pebbles , .. ,',., . . . , .. , .. , ... . . . 3 
4, Silts, gray, calcareous, sandy, with a few fossils """"" " " " '" 5 
3. Gravel and sand, mottled dark brown, calcareous, with some black . 
(Mn02) staining, .. .. .. .. . ... .. , . . .. . , , .. , .. , .... ,., ' " ... . . .. , 5~ 
2, Gravel, calcareous, rusty, coarse, with black (Mn02) staining . . , .. . 3 
1. .Silts, dark gray, calcareous, sandy, with carbonaceous material . . .. ,. 2 
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Zone 1 comes down to the base of the exposure at the center, but to the 
east and the west the Nebraskan till appears from below and rises to a 
height of about 10 feet in the bank, with the several lower zones of the . 
above section abutting laterally against the till. On the east there is also 
Kansan above the Nebraskan, but its lateral contact with the silts is con-
cealed. The horizontally bedded silts were evidently laid down in a de-
pression cut through the Kansan into the Nebraskan till. 
The interpretation of the silts, tills and gravels of Pilot township has 
a bearing on the mapping of the Iowan boundary. As noted above the 
, Iowan boundary as traced in the foregoing section would not permit 
Iowan drainage to enter all of these valleys. A somewhat· greater 
.extension of the Iowan region into the east edge of Pilot township 
would permit Iowan drainage to enter all of these valleys; an extension 
of the Iowan region to the Little Sioux, southward from Cherokee to 
the center of Pilot township, would include all the region discussed 
under this heading. These two alternative boundaries are shown on 
Plate I. 
The topography of northeastern Pilot township shows none of the 
characteristics of the Iowan drift region. The two exposures of till 
suggesting Iowan, that near the round-house in southwestern Cherokee 
(page 71) and that near the east line of section 10, Pilot township 
(page 74) , can both be better interpreted as Kansan. There is, there-
fore, no basis for an extension of the Iowan region to the Little Sioux 
valley in central Pilot township. 
The silts and silty sands of Pilot township are not. a characteristic 
feature of the Iowan region, but the associated gravels are like those of 
the Iowan region. However, both types of deposits exist out on the 
Kansan region beyond the greatest possible extension of the Iowan 
region. For example, in a small valley tributary to the Little Sioux 
in the central part of section 6, Silver township, five Il].iles southwest of 
the exposure in section 22 described above, there is an exposure of 
about 15 feet of blue-gray silty material with interbedded layers of 
sand and with some fresh gravel overlying. It is only in the nOfably 
greater development of the silts and sands that Pilot township stands 
out. 
Most of the sections described above under this heading show a hori-
zon of fresh gravel at the top, and it is probable that the Iowan ice 
sheet did cover the divide along the east line of Pilot township south-
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ward to section 24 and furnished the drainage which brought in these 
gravels.- These gravels are not well set off from the silts below and 
in one section (page 76) they appear to grade into each other. It is 
probable, therefore, that the silts repre"sent only a small part of the 
entire Loveland, namely that part just preceding the Iowan ice age. 
In fact, it is possible that the silts of Pilot township were thrown 
down in the slack waters of the tributary valleys of ,the Little Sioux, 
which were ponded by the aggradation of ,the floor of the major valley 
by the Iowan outwash gravels which built the high terrace level of the 
Little Sioux valley. By this interpretation they would be essentially 
Iowan in age. 
Along Maple River Valley.-Southward from southwestern Pitcher 
township the Maple river valley forms the approximate boundary of 
the Iowan drift southward for about 12 miles to Galva in northeastern 
Ida county (Plate I). This again is a generalized boundary as was 
true along Mill creek v;alley, and it would not be possible to show that 
the ice came down to the valley everywhere along this course. Several 
miles back from the boundary in eastern Pitcher and Diamond town-
ships, and on to the east in Buena Vista county, the Iowan topography 
is well developed. -
A number of kamelike gravel hills are found east of Maple river in 
southern Pitcher and in Diamond. townships, and these aid in giving a 
constructional appearance to the topography. They have their best 
development in sections 28 and 33 of Pitcher township and in sections 
4 and 35 of Diamond township (page 97) . 
Besides the gravel hills indicative of Iowan age there are examples of 
the billowy Iowan topography near th~ Maple river valley in the north-
west quarter of section 21 and the southwest quarter of section 33, Pitcher 
township, and in section 4, the west part of section 16, the east part of 
section 28 and the north part of section 34, Diamond township. Pebbly 
swells appear also on the north line of section 16 and in the northeast 
quarter of section 28. -
In Galva township of Ida county the relief for two to three miles back 
from Maple. river is 50 to 75 feet, and in this greater relief the Iowan 
topography does not have its typical development. However, in the north-
east quarter of section 15 and the southeast quarter of section 10 there 
is a group of gravel hills, one of which on the section line has an exposure 
showing a ferruginous, dirty gravel with clay-balls; in the northeast quar-
ter of section 24 there are a dozen or more low swells that show pebbles; 
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pebbly surfaces were seen in the northwest quarter of section 12, the north 
half of section 23 and the northwest quarter of section 25; and slightly 
billowy surfaces suggestive of Iowan drift appear at several places. On 
the whole, the evidence seems sufficient to justify placing the boundary 
along the Maple river valley southward to the mouth of a small creek that 
enters just west of Galva. ' 
Farther eastward the northw~stern part of Sac county shows good Iowan 
drift topography between Early and Schaller and west almost to the 
county line, where the less typical Iowan noted ' above begins. 
At the northwest corner of section 26, Galva township, just southwest 
of the village of Galva, a road cut beneath the railway showed, in 1927, 
le'ached ~uff loess 10 . feet thick, overlying five feet of sand and fine-
grained gravel which is in part leached to a depth of one foot. The ex-
posure is just at the boundary of the Iowan drift area, as mapped, and the 
sand and gravel look like Iowan material, but the thickness of the overly-
ing loess and the depth of leaching is unusual: 
West of Maple river valley in southeastern Cherokee and northern Ida 
counties an erosio,nal topography on Kansan drift is found. On the slope 
of the valley it is not very different from the Iowan to the east, but two 
to three miles to the west the typical J(ani/an topography appears. 
Maple river is bordered by a valley flat one-fourth to one-half mile in 
width which ' is in part at least underlain with gravel, but only at a few 
places do gravel benches appear. The small creek valley of section 23 at 
Galva carries a gravel deposit and there are low benches on either side of 
this valley. A pit has been opened in this deposit just north of the town:, 
exposing ' fresh gravel. The absence of gravel deposi,ts along this portion 
of Maple river is in contrast with their great development along Mill 
creek in northern Cherokee county, and the reason for the difference is 
not evident. 
From Maple River to Odebolt.-At the mouth of the small creek 
west of Galva the Iowan boundary leaves Maple river valley and runs 
southeast through Silv'er Creek and Richland townships toward Ode-
bolt (Plate I). Along part of this course through Galv~ and Silver 
Creek townships the exact location of the boundary is not definite, and 
several alternative courses were considered in the field. Farther 
south in Richland township the boundary is more definite. 
Leaving Maple river the boundary is mapped as passing southeast across 
sections 26, 35 and 36 of Galva township. The southeast corner of Galva 
township and southwestern Eureka township to the east have a topography 
apparently erosional, but there are slight constructional features and peb-
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bly swells in the southwest quarter of section 20 and the north part of 
section 32, Eureka township, and in the northwest quarter of section 25 of 
Galva township. West of the boundary section 35 and the west part of 
section 26 have a rolling Kansan topography and the road along the· west 
line of section 26 shows several exposures of loess. 
Crossing into Silver Creek township, the boundary runs south across 
the west part of section 4 and thence ' southwest across the northwest quar-
ter of section 9 and the southeast quarter of section 8, to the valley of 
Silver creek in the north part of section 17. On crossing this valley the 
bound';lry changes its direction and runs south of east through the central 
part of section 16 and the south part of section 15, where it again takes 
the general southeast direction and crosses parts of ~ections 22, 23, 26 and 
25 (Plate I). The projection of the ice to the southwest into section 17 
was down the valley of Silver creek, which facilitated the ice motion and 
allowed it to ' push farther southwest. The northeastern part of Silver 
Creek township is moderately rolling, with certain parts showing the 
billowy Iowan topography, and there ·are pebbly swells in the northeast 
quarter of section 3, at the quarter-corner on the north of section 9 and 
on the slope of the valley in the southwest quarter of section 9 and the 
southeast quarter of section 8. The western and ·southern parts of the 
township are rolling, with a much more definite erosional topography. 
West of Maple river valley in southern Galva township and through 
Logan township there is a region of higher altitude and more rugged 
topography. West of Galva in sections 27 and 28 this region has a relief 
of 75 to 100 feet, is very rugged, and has a surface covering of loess. 
These conditions continue southward through Logan township. From 
western Silver Creek township, the rugged area across the valley is promi-
nent, rising above the divides on the east, and the contrast between the 
gentle slopes of the moderately rolling topography on the east and the .bold 
rugged topography on the west is very striking. 
In ' southeastern Logan township the area of rugged loess-covered 
topography crosses to the east of Maple river valley and covers the point 
of the .upland between Buffalo creek and Maple river . . Its north edge 
crosses sections 25 and 30 and along this line the rugged topography 
changes abruptly to the gently rolling surface to the north. Exposures 
along the county line road in the southwest quarter of section 30, Silver 
Creek township, show 8 to 10 feet of loess without reaching its base. ' This 
higher rugged topography continues southeast across the southwest corner 
of Silver Creek township and across northern Blaine township, occupying 
the divide between Elk and Odebolt creeks. The decided contrast which 
comes at the northeast edge o.f this higher, more rugged area suggests 
strongly the possibility that the Iowan boundary may lie along this edge. 
IOWAN BOUNDARY NEAR ODEBOLT 81 
There is, however, a belt of erosional topography about four miles wide 
between this area · and the better developed Iowan drift topography to 
the east. 
Southeast of the center of Silver Creek township in sections 22 and 26 
there is a high, ridgelike area that has chara~teristics similar to those of 
the more rugged area to the southwest. It is loess-covered in part, shows 
till on some of the steeper slopes, and stands well above the surrounding 
region. The Iowan boundary lies along the east slope of this elevated area 
. through sections 23, 26 and 25. . 
In . the southeast corner of Silver Creek township the boundary ap-
proaches Elk creek valley and here there is another slight deflection from 
the general course. The boundary runs south across section . 36 to Elk 
~reek, and thence eastward along the south slope of the valley through the 
northeast part of section 1, Blaine township, and the central part of sec-
tion 6 of Richland township, Sac county (Plate I). In the north part of 
section 8, Richland township, the boundary assumes again the general 
course east of south and passes through the east part of section 8 and the 
west part of section 16. Along this course the Kansan and Iowan drift 
characters are distinct half a mile in either directio{l from the boundary as 
mapped. Sections 4 and 9 to the east show Iowan drift topography, while 
sections ·8 and 17 to the west are distinctly erosional. Good contrasting 
views of the two types may be had from the north line of section 8. 
The rugged loess hills noted above as coming southeastward across 
northern Blaine township cross sections 18 and 20 of Richland township 
and in the west part of section 21 the Iowan dr ft boundary lies along the 
edge of this rugged area, giving a well defined boundary. The contrast 
of the two topographies is well shown from the high area in the west part 
of section 21. The view to the .east, over central and eastern Richland 
township, shows a rolling plain with a relief of 20 to 40 feet. The slopes 
are gentle, the features apparently constructional and the locations of the 
stream courses rather ill defined. The view to the west shows an eroded 
region with steep slopes and sharp crests and a relief ,of 100 to 150 feet. 
One mile to the southwest is the broad, open valley of Odebolt creek and 
beyond this the view extends to the high, rugged divide of southern Ida 
county. This region to the southwest shows the typical Kansan drift 
topography of southern. Iowa which continues on southward beyond the 
southern boundary of the state. 
From Qdebolt to the South Line of Sac County.-At Odebolt th(' 
boundary turns eastward and runs across the end of the Iowan drift 
region toward the Wisconsin drift boundary. This part of the boun"-
dary is more irregular, being across the front of the ice lobe, normal 
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to the general direction of ice motion, and the pre-Iowan topography 
caused a lobate margin. By this course from Odebolt to Boyer river, 
the width of the Iowan drift area is diminished to barely four miles 
(Plate I). The course is then southward along Boyer river valley for 
three miles to the Wall Lake outlet. South of the Outlet the width is 
still further reduced to two miles and a southeastward course soon 
carries the Iowan boundary beneath the Wisconsin drift. 
The Iowan drift area south of Wall Lake outlet is small, comprising , 
an area of only five to six square miles, two miles wide at the south 
border of the Outlet and narrowing to ' a point four miles to the south-
east. No part 0'£ the area is more than a mile from one of the boun-
daries or from the Outlet. The region is moderately rolling, and, lying 
between the rugged loess-covered Kansan drift area on the southwest 
and the slightly rolling Wisconsin driit'area on the east, it is distinct 
from either of them. On the county line on the south of section 34, 
Viola township, the Wisconsin drift topography borders the rugged 
loess-covered Kansan drift, and so it continues on southward across 
Cartoll county. ' 
The erosional topography of western and southwestern Richland town-
ship continues eastward along the south line of this township and in 
Wheeler t~wnshii> to the south, thereby cutting across the general south-
eastward course of the Iowan drift boundary. This boundary passes south-
ward through the east part of section 28; Richland township, and then 
swinging southeastward, crosses the north part of section 34 through the 
S9uth ' part of the town of Odebolt and continues eastward through the 
central part of section 35. 
In northern Wheeler township south of Odebolt there is a high divide' 
region upon which lie some rather level areas about half a mile wide that 
locally suggest Iowan topography. , They are best developed along the 
divide rmming diagonaily across sections 3, 11 and 13, Wheeler town-
ship. The stream courses on the divides are at some places ' broad and 
shallow, but in a short 'distance from their sources ' the valleys become 
deeper and the ,country is more rolling. 
A sewer ditch exposure near the east end of the main street of Odebolt 
showed three feet of mottled, brown loesslike loam overlying six feet of 
yellowish 'sand with a few pebbles and small bowlders. The exposure 
was 100 to 150 feet in length and showed no change laterally and the bot-
tom of the sand horizon was not reached. This sand is just within the 
boundary of the Iowan drift and probably was washed out from the ice 
front and deposited in the waters ponded between the edge of the ice and 
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the divide to the' south. Five miles south of Odebolt, in sections 26 and 
27 of Wheeler township, there are some pits in a gravel deposit in .the 
valley of a southward flowing stream ~hiCh heads in section 3 just south 
of Odebolt, and this gravel also may have been deposited by waters from 
the Iowan ice front, which passed over the divide south of Odebolt and · 
escaped down this valley to Boyer river. 
The region just north and northeast of Odebolt for several miles has 
a well defined Iowan drift topography. The adjoining parts of sections 
35, 26 and 25, just east of Odebolt, lie ' in ·a broad shallow depression, 
draining westward, and constitute the most positive case. of Iowan drift 
topography found near the boundary ih Sac county. From the central 
part of section 35, Richland township, the boundary makes a broad curve 
-to the north, passing through the south part of section 25 and the south 
part of section 30, Clinton township, and in the southwest quarter of sec-
tion 29 comes into the valley of a small creek, down which it runs for a 
distance of about two miles to the northeast quarter of section 4, Levey 
township (Plate I). This northward curve of the boundary is where it 
crosse~ the prominent divide area to the west of Boyer river, and farther 
south, in the northeast quarter of section 31 and the west half of section 
32, this divide area becomes prominent and rugged and continues so south-
eastward across .sections 5, 4 and 10 of Levey township. In section 32 and 
on to the southeast it has a telief of 75 to 100 feet, with very steep slopes 
and sharp crests, and the road cuts expose 15 to 20 feet of loess, without 
reaching its base. Acros's the valley and the boundary, in section 33, the 
general altitude is 30 to 50 feet lower, the . surface is moderately rolling 
with long, gentle, faintly undulating slopes, and the loess is thin. 
In the northeast quarter o~ section 4, Levey township, the boundary 
again bends northward, passes around a rugged area in sections 3 and 34, 
and, running through the west and north parts of section 34, strikes the 
valley of Boyer river in the northeast corner of this section. Its course 
is thence southward down the Boyer valley for more than four miles to 
the Wall Lake outlet. Along this part of the boundary the opposite sides 
of the Boyer valley present a contrast like that described above. 
Clinton township to the north has a relief of 20 to 40 feet and contairis 
some rolling topography and a few gravel hills. The Boyer valley, the 
dominant feature of the township, appears broad and open in a general 
view; but closer study shows that It has undulating slopes, apparently con- . 
structional. The major parts of Clinton, Boyer Valley and Cook townships 
present an indefinite type of Iowan drift topography, but parts of Rich-
land township are much more definite. 
The south part of Levey township, south of the Outlet, has a rough 
topography with a relief of 50 to 100 feet, and roaq cuts show thick 
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loess· exposures. This continues northward to the valley of a small creek 
flowing northwest across the northeast quarter of section 25 and the 
southwest qu~rter of section 24. North of this valley, in section 24 and 
east in section 19 of Viola township, the general altitude and relief is less, 
the topography is less rugged, although the whole is well drained, and 
loess cuts are not found. The Iowan boundary · passes up this valley 
through sections 24 and 25 and continues in Viola township diagonally 
across the south half of section 30, the north half of seCtion 32 and the 
south-central part of section 33 to the Wisconsin drift boundary, under 
which it passes in the southe~st quarter of section 33 (Plate I). In sec-
tions 32 and 33 the boundary follows the base of a slope rising to the higher, 
rugged area to the south. 
INTERBEDDED GRAVEL AND TILL 
Exposures showing till interbedded with sand and gravel were seen 
at a number of places w~thin the I'owan area, especially in northern 
Cherokee county. The sand and gravel are mostly fresh and the gravel 
is mostly fine-grained. Coarse sand with pebbles ~cattered through it 
is common. Some of it is distinctly bedded and some shows no strati-
fication. Locally the gravel is cemented by a .calcareous cement and so 
forms irregular masses of firm conglomerate; or cementation may af-
fect the whole or part of a stratum over a considerable area. Cementa-
tion is more common at the top of the gravel zones than at the base 
and apparently is more common on the face of an exposure than farther 
back from it. 
Distribution and Description of Exposures 
By far the greatest example of the interbedding of gravel and till 
observed was found in the east bluff of Mill creek in the west half of 
section 14, Cherokee township, three miles north of Cherokee. Mill 
creek at this place flows against the base of the east slope of its valley, 
and this slope rises very steeply 100 to 120 feet to the crest of a narrow 
ridge which overlooks the valley of Mill creek on the west and the 
Little Sioux valley on the east. The good exposures were just south 
and north of the line through the center of. section 14, were distributed 
through a distance of about 80 rods, and were found in little gullies 
and slides that gave exposures of the underlying material. The lower 
30 to 40 feet of the valley slope is gentle but showed a few exposures 
of the typical Kan~an till. Above this is a steep slope of 75 to 100 
feet, consisting of about equal parts of interbedded Iowan till and 
gravel which alternate several times in the vertical section. The gravel 
.'J 
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horizons ' range in thickness from mere seams to 20 feet, but a common 
thickness is 10 to 15 feet. 
Most of the gravel is fresh and has a light color owing to the pre-
dominance of gray limestone pebbles. It contains many clay-ball 
pebbles from the associated Iowan till and some of Kansan and N e-
braskan tills. The inter bedding of gravel and till and the presence of 
A B c ' D 
Till 
Un.x~d 
Unexpooed 
River Level 
F,G. 12.-Columnar sections of exposures in the east bluff of Mill creek in the west half of 
section 14, Cherokee township. The probable correlation of the zones of the several 
sections is indicated. 
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the clay-balls of the associated till in the gravel show that the gravel 
belongs to the same stage as the till. ' 
These exposures in the Mill creek ' bluff of section 14 were such good 
ones that the following sections are given, recording in detail the succes-
sion found in several of the better exposures. The exposures were all 
mere gully washes and were partly obscured by slumping and surface ac-
cumulation. The sections are given in order from south to north. 
S ection A.-The most southern exposure, that covered approximately all 
of the height of the slope, was 30 to 40 , rods south of the quarter-section 
line. This. exposure is shown diagrammatically in A of figure 12. 
FEET 
11. Grass-covered, gravelly, clay slope rising to the top of the ridge, 
which is here 106 feet above the creek. Probably Iowan till, but it 
may contain some gravel , layers ............... . ....... . . ........ 12 
10. Till, light brownish gray,: with pebbles and cobbles. Iowan . ...... 18 
The exposure is not entirely continuous and the division may con-
tain some gravel. Numbers 11 and 10 combined would make a till 
zone 30 feet thick, which is greater than for any single zone of till 
known along this bluff. There is also the unexposed zone '(9) below, 
which may be largely till. It is not probable that numbers 11, 10 and 
9 form a single continuous till zone, or even that numbers 10 and 11 
are without a single gravel layer. 
9. Unexposed slope ....... ......... .. ........ . . ....... .. .......... 10 
8. Gravel, light-colored ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
'" 7. Till, light brownish gray, with pebbles, cobbles and small ocherous 
m.l.sses. In some places the pebbles and cobbles make up fully half 
of'~e whole. The basal contact on the grave! is very sharp, without 
any alteration or deformation of the gravel ....................... 3 
6. Gravel with large pebbles and bowlders scattered through it and a 
layer of bowlders about 5' feet above the base. Many included c1ay-
balls and masses of Iowan till are present. The gravel has a light 
color--and limestone is the dominant material. Shale pebbles are 
quite abundant. This is the typical gravel associated with the fresh 
Iowan ' till .. ' .... . . ...... . ..... . ..... . ... .... ..... . " . . ...... ... .. 15 
S. Till, brownish yellow, which breaks into elongate chunks . . . ..... .. 3 
4. Till, brownish blue-gray, sandy ........ ... ........................ ' 2 
3. Sand and gravel; at top a fine-grained, yellow sand; only partly 
exposed .. . .. . .......... . . .. .... ...... .. ..... . .. . ... .. . ...... . .. 10 
2. Slope with several.exposures of oxidized brownish yellow Kansan till 15 
' 1. Unexposed slope to creek level ............. .... .. ........... . . . . 15 
Numbers 1 and 2 of this section are Kansan till. Above these the Iowan 
section gives at least three gravel zones a,nd three till zones, and a better 
exposed section probably would increase the number. 
Section B .-The gully just north of the quarter-section line fence exposed 
the following, beginning 98 feet above the creek and passing downward. 
The columnar section is shown in B , of figure 12. 
FEET 
5. A pebbly clay slope with a' few exposures of brownish gray till ...... 20 
4. Gravel horizon; cemented to a conglomerate near the top .... . . .. ... 15 
3. Till, brownish yellow-gray; harder and more compact than number 
S. Where it is fresh it breaks into irregular chunks and crumbles to 
a sandy clay. The lower 3 feet includes much grave! ............... 13 
OUTCROPS ALONG MILL CREEK 
2. Gravel, light colored, with pebbles, cobbles, day-balls, and some larger 
masses of till ... .. .. . . . . . .. . .. ... . ...... . . . .. , .. . .. .. .. . . . . . . . . . . 15 
In the gully the upper 2 feet of this horizon is cemented, forming a 
calcareous conglomerate, but this does not continue horizontally be-
yond the gully. The lower part of the slope is so badly slumped that 
the lower contact of the gravel could not be exposed. 
1. Unexposed to creek level, except for one small outcrop of oxidized, 
brown Kansan till at 15 feet above the creek .. . .. ; ....... " ... .. .. . 35 
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This section shows two distinct layers of fresh gravel, each at least 15 
feet thick, and each overlain by Iowan till. A c,emented horizon is found 
at the top of each gravel zone. The cementing material is calcareous and 
the cementation is sufficient to make firm conglomerate, large blocks of 
which lie on the slope below the outcrop. The cemented parts differ in 
thickness .<l:nd seem to be irregular cemented masses rather than continuous 
peds. This cementation is due to the evaporation which takes place when 
ground water percolating downward passes from the compact till to the 
porous gravel. .If the water has become saturated with calcareous mate-
rial this evaporation will cause deposition. 
S ection C.-This exposure was in a gully about 40 rods north of the 
quarter-section line fence. It is shown in C of figure 12. 
FEET 
9. Gravelly clay slope ... . .. .... . ... . . . . . ... .. .. . ......... . . . ..... . 18 
8. Sand, ferruginous, coarse, with pebbles, cobbles and clay masses .. .. 15 
7. Till, sandy, brownish gray, breaks out in irregular chunks and pul-
verizes to a sandy clay .. . .. . . . ... . ..... . .. . .. . . . . . . .... ... . . . . . . 8 
6. Gravel, ferruginous, or coarse sand with pebbles, cobbles and numer-
ous large clay masses, some of which are 2 to 4 feet across . ... .. . .. 20 
5. Till, bluish gray, with brown streaking along joints . . . . .... .... . .. 1 ~ 
4. Sand, coarse, with pebbles, a few cobbles and clay-balls. The lower 
18 inches is about half clay in the form of clay-balls . .. .. .. .. ..... . 6~ 
3. Till, yellowish brown, with many pebbles and pockets and seams of 
sand .. . .... . . . .. . . .. . . . ..... .. . . .. . . .. .. .. . .. . ... . .. ...... !'. . . . 4 
2. Gravel, coa&se, with cobbles and bowlders . . ...... . .. .. . . .. . .... . . 1 
1. Brown Kansan till was exposed for 18 inches below the top of the 
zone and at one point lO feet lower. Remainder of division to creek 
level, unexppsed .... ... . . . . ... ... . ..... . ... ... .. ' . .. . ............ 40 
S ection D.-At the place where the bluff begins to bend to the west there 
is a gully which branches about 50 feet above the creek. The foilowing 
exposure was seen in the north branch of this gully. It is represented in 
D of figure 12. . 
FEET 
7. Pebbly Clay slope rising to the crest at l18 feet above the 'creek .... 25 
6. Gravel with clay-balls .. . .... . ........ . ..... . ....... . ........... 8 
5. Till, brownish gray . .. .. ... . . . . .... ..... . .. .. ....... . . . . . . . . . . . . 3~ 
4. Gravel with cobbles and clay masses . . .......... . ... . ............ 15 
3. Till, brownish yellow, plastic, sandy .. . .. . . " . . . . . . . . . .. . .. . ... . . . 1~ 
2. Gravel with clay masses .... . . . . .. . .. .... .. .. .. . . . . ..... . ..... . . lO 
1. Unexposed to water level . . .. . .. ' . . .... . .. . .. . . ..... . .... . ... . .. . 55 
Several other exposures to the north show a part of the section and 
in every case where more than a few feet is exposed an alternation of 
gravel and till is to be seen. 
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The beds of all these gullies are filled with bowlders. Pink and gray 
granite of the fine-grained type predomi~ate, but basalt~ are numerous 
and limestones are more prominent th~n is common among bowlders. 
The sections given above show two, three and four gravel horizons, 
and few of the exposures were continuous enough to demonstrate that 
other thin gravel layers are not present. Some similarities of sections 
which are very close together were noted, but on the whole it appears 
that the individual horizons are not continuous through the length of 
the bluff. Figure 12 shows such correlations as can be made between 
the various members of the several sections. 
The fresher till interbedded with grav.el in the upper parts of the 
exposures just described is interpreted as Iowan. The till exposed in 
the lower 30 to 40 feet of the bluff is darker and firmer than that which 
is associated with the gravel beds and is interpreted as .Kansan. In the 
lower ends of several of the gullies toward the north .end of this bluff 
the N ebt:askan dri ft is exposed. 
At several places in the exposures described above the interbedded 
gravel contains such a great number of clay-balls that they constitute 
a very important part of the whole. These clay-balls indicate that the 
material had not been carried far before deposition, for clay material 
could not have withstood the wear incident to long transportation, even 
though it were firmly frozen. As the clay-balls were formed probably 
on or near the edge of the ice sheet, their presen~e indicates the nearness 
of the ice front at the time of gravel deposition. 
I . 
The banks of the creek valley in section 24 of Cedar township, Cher-
okee county, east of Larrabee, show a number of small e~posures with 
gravel and sand associated with the till. Examples appear a few rods 
to the north and to the south of the east-west quarter-section line. 
None .of these exposures is very extensive, and it is not clear whether 
these gravel zones are within or at the base of the Iowan till. Farther 
down the creek valley exposures of gravel, sand and silt associated with 
till may be seen at a number of places. Some of these gravels evidently 
are included masses; while others may be gravel zones of some extent. 
A conglomerate ledge projects at one place, and elsewhere masses of 
conglomerate lie on the surface. T~e valley slopes are quite complete-
ly grassed over, but if good exposures existed the section might be 
somewhat similar to that of the Mill creek bluffs described above. 
At various other places examples of gravel layers interbedded with 
I. 
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the till were seen, which indicates that the p4~nomenon may have a 
rather general distribution, but nowhere else are the interbedded layers 
known to be so numerous as in the Mill creek bluffs north of Cherokee. 
In the till of northwestern Iowa there is a considerable quantity of 
gravel and sand in the form of inclo?ed masses. Many of these masses 
are in till 'exposures within the area of Iowan drift,but some are in the 
area of the Wisconsin drift and some in the Kansan drift region, All 
these inclosed masses will be treated in the discussion of the Kansan 
drift region (pages 111 to 115). 
Origin 
The advance of the edge of an ice sheet probably is really a succes-
sion of advances and retreats in which the advances are greater than 
the retreats. Likewise the general period of retreat of the ice edge 
may be broken by temporary advances. Between these two general 
periods there is a longer or shorter time when the oscillations approxi-
mately balance each other and the general position of the ice edge re-
mains nearly constant. These oscillations may be due to seasonal 
changes or to changes taking place over longer periods. Gravel de-
posited beyond the front of the advancing ice sheet soon may be over-
ridden by the ice and covered with a deposit of till. If now the ice 
edge withdraws temporarily, gravel may be deposited on top of the till 
only recently laid down. Readvance of the ice would result in a. second 
till horizon, and so with several oscillations several alternations of till 
and gravel might be formed. It is not necessary to assume any great 
oscillations of the ice front, for none of the gravel horizons noted 
above has been shown to cover any considerable area. An oscillation 
of a fraction of a mile, or a few miles at most, would be adequate. The 
greatest known succession of till and gravel h01;izons, that of the Mill 
creek bluffs north of Cherokee, is at the edge of the Iowan drift sheet, 
and it is probable that the greatest and most frequent oscillations would 
take place at the time of maximum extent of the ice sheet. . 
Gravel deposited near the edge of the ice, in the way just outlined, 
would be of the outwash type, consisting of fresh, unweathered mate-
rial with some pebbles of soft rocks, and would rest on fresh till. The 
gravel of these horizons is, therefore, interpreted as having been de-
posited just beyond the front of the ice sheet during the oscillations 
that took place at the general stage of maximum advance or during the 
minor oscillations within the stages of advance and retreat. 
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THE GRAVEL HILLS 
At a number of places w,ithin the area of the Iowan drift there are 
mounds composed of gravel and sand, Their slopes are gentle and few 
of them rise more than 15 to 20 feet above their surroundings. In 
form they resemble the kames of the Wisconsin drift, though .they are 
much less conspicuous. Some of them are isolated, and some are in 
groups. 
Nature of the Gravel 
The gravel of these hills is as a rule fresh or but slightly altered. 
Some of the exposures, however, show highly oxidiz~d and leached 
gravel near the surface and a few show an abundance of chalky? cal-
careous material either as weathered limestone pebbles or as matrix 
between the pebbles. 
As in all types of gravels of our region, gray limestone pebbles 
predominate to such an extent as to make a light-colored gravel. In 
twenty-one analyses made in the gravels of this type the limestone peb-
bles average 55 per cent of the whole. Shale pebbles are present and 
in certain layers are even. abundant. Grains of shale also are abundant 
in the sand. A characteristic and distinctive feature of these gravel 
hills is the presence of small rounded masses of glacial clay (clay-balls) 
among the pebbles. These differ in size from a fraction of an, inch to 
six inches in diameter. They are recorded in nineteen of the twenty-
orie analyses of gravel from these hills and the average for, the twenty-
one analyses is 12 per cent. The percentage is 26 or below in all 
analyse~ but one, where it is 59. The igneous rock content ranges from 
8 per cent to 48 per cent, the lowest percentage being due to the ~arge 
number of clay-balls. Counting the clay-balls as sedimentary the aver-
age total of sedimentary rocks is 76 per cent, and the average total of 
igneous rocks is 24 per cent. The analyses of pebbles from the gravel 
hills are tabulated .1n Table IV, page 175 . . 
The percentage of granite and other igneous pebbles generally is 
low in comparison with that shown in analyses from gravel deposits 
of other types. , This is due to the large number of clay-balls in these 
gravels, which by their presence lower the percentage of all other kinds 
of pebbles. The decrease, however, comes mainly in the igneous peb-
bles, for the comparison is with gravels that have been more water-
worn, and which therefore contain a smaller percentage of pebbles of 
the softer materials. Chief among these softer pebbles are the clay-
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balls, which would be destroyed by wear and thus would increase the 
percentage of all other kinds. But some pebbles of other soft mate-
rials would be destroyed by the transportation, so that the increase 
would be most apparent in the harder types. The increase in the per-
centage of limestone pebbles due to the destruction of clay-balls ap-
parently was offset by the destruction of some of the softer limestone. 
pebbles, with no apparent gain in limestone. 
If these gravel hills are kames or some other type of deposit directly 
associated with the ice, softer material would naturally be more abun-
dat:lt than in gravels that were subjected to longer transportation and 
wear. On the other hand, waters flowing well up in an ice sheet, as . 
~ay be the case with waters forming kames, probably would yield a 
larger precentage of igneous pebbles than waters draining from the base 
of the ice. 
There is in some cases a great range in the composition of the gravel 
in the same hill. This is particularly prominent in the case of shale 
pebbles, for certain layers contain a percentage far above normal. and 
some layers are made up almost entirely of small grains of shale. In 
other constituents also there is in some cases a considerable lrange. N ~ 
differences were detected that differentiate the deposits of different 
localities. Analyses from gravel hills a hundred miles apart are as 
likely to be similar as those from hills near together. 
Distribution and Description of the Gravel Hills 
Many of the graveJ hills of the Iowan drift region are within a few 
miles of the outer edge of . this drift ,sheet and have been mentioned 
under the discussion of the Iowan ·boundary (pages 59 to 84). Some 
of these may come in for fuller treatment under this heading and oth-
ers back from the boundary will be considered. The locations of the 
better developed of these hills, including many of those here discussed, 
are shown on Plate I by a hollow square. 
Northeastern Lyon County.-The northeast corner of Lyon co.unty, 
north, northwest and west of Little Rock, contains the most conspicuous 
examples of these hills in the Iowan area (Plate I). Most of them are 
below the general upland level on the slopes of Little Rock river valley. 
Most of them rise only 10 to 15 feet above their surroundings, but one in 
the southeast quarter of section 23 rises 25 feet apove its surroundings, 
A group of hills just north of Little Rock, near the center of section 26, 
contained several gravel pits in relatively fresh material. A pit in the 
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high hill in the s,outheast quarter of section · 23 showed 15 feet of coarse 
gravel and fine sand with many clay-balls, some of which are six to eight 
,inches in diameter, The gravel is unleached but well oxidized and some 
of the coarse granite and dark igneous pebbles are decomposed, This is 
a good example of a kamelike hill. 
In the southwest quarter of section 27 there are a number of gravel 
hills with a distinct constructional topography, and one at the southwest 
corner of the section shows a coarse somewhat rusted gravel in which · 
the coarse-gra!ned igne~us pebbles crumble readily. The gravel of this 
exposure, as well as that of section 26, contains many clay-balls. Other 
low gravelly hills, without exposures, are found in the west half of section 
34 and the east half of section 33. 
Southwestern Nobles County, Minnesota.-A large number of gravel 
hills are found in the southwest part of Adrian, Minnesota, and in the 
northeast quarter of section 23, . half a mile farther southwest. This is 
within the more hilly belt along the margin of the Iowan drift in Minne-
sota and the kamelike hills here are larger and more prominent than any-
where to the south in Iowa. A road cut in one of these hills on the north 
line of the northeast quarter of section 23 s.howed a great. mixture, includ- . 
ing coarse dirty gravel with clay-balls; ferruginous bowldery deposits in 
which many of the dark igneous bowlders are rotten; fine fresh . sand; 
. great masses of till; and mixtures of gravel, bowlders and till. The areas 
north of Little Rock and southwest of Adrian were interpreted by Pro-
fessor Wilder as parts of the Altamont moraine of Wisconsin age.S1 
Three miles south of Adrian, in the southwest quarter of section 36, 
West Side township, a pit in a low hill on the north slope of a shallow 
. valley showed in part coarse pebble beds and in part fine gravel and sand. 
Clay-balls are abundant in the coarser part, one analysis giving 16 per 
cent. The coarse-grained, dark igneous pebbles crumble easily and most of 
the limestones are c?ated brown. In a part of this hill the layers are 
sfeeply inclined, and in these layers the laminre, locally, have an angle of . 
80 degrees. 
Western Osceola County.-In the west part of Osceola county there 
are low gravel hills on the north slope of a broad, shallow valley in the 
west part of section 5, West Holman township, and 6 miles south in the 
southwest quarter of section 5 and the southeast quarter of section 6 of 
Gilman township. In the hill in southwest 5, Gilman township, a pit ex-
posure showed about three feet of coarse ferruginous gravel resting upon 
fresher finer-grained material. Clay-ballS are very abundant, amounting 
to 25 per cent of the total contents in one analysis, and on the pit face one 
was exposed for each square inch of surface. 
, 
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Northern O'Brien County.-Gravel hills are faund alang the headwaters 
of Flayd river in narthern Franklin towrtship af O'Brien caunty. They 
are present alang a tributary valley in the sauthwest quarter af sectian. 4, 
where same gravel pits have been apened, and alang the main valley in 
-the sautheast quarter af sectian 4 (Plate I). The expasures seen were 
shallaw and ' the gravel was strangly axidized. A law hill just narthwest 
af Sheldan in the central part af sectian 25, Grant township, Siaux caunty, 
is prabably a gravel hill. 
In a pit in a law maund 3 . miles naJ:i:hwest of Hartley, near the center 
af sectian 24, Lincaln tawnship, the gravel had been worked aut in several 
places and there was expased a vertical cantact between the gravel mass 
and the till. This gravel mass, partly inclased within the till, accupies an 
intermediate pasitian between the gravel hills and the included masses af 
gravel. Farther. east, in W.aterfard tawnship af nartheastern Clay cdunty, 
there are several law hills ar maunds· apparently camposed af gravelly 
materiaL' 
;llong Willow Creek in Southern O'Brien County.-One af the regians 
af greatest abundance af the gravel hills is alang Willaw creek west af 
Calumet in sauthern O'Brien caunty, where mare than a daze~ af ' these 
hills are present in the narth parts af sectians 22 .. 21 and 20 and the sauth 
parts af sectian 16 and 17, Liberty tawnship (Plate I). Abaut half ()f 
these have expasures shawing sand and gravel. The twa best expasures 
are in gravel pits in the narth part af sectian 22 and will be described 
samewhat in- detail. . 
N ear the quarter-sectian carner an the north af sectian 22 there is 
a law maund near the top af the valley slape with a pit 20 to. 25 yards 
acrass and 10 to 15 feet deep. The material exposed is sand and fine 
gravel, with same very fine-grained harizons shawing extremely fine 
FIG. 13.-Sketches showing cross-bedding and basin stru~ture of sand exposed iii a pit in a 
gravel hill in the northwest COrner of the northeast quarter of section 22, Liberty town-
ship, O'Brien county. The present inclination of the beds is given in the more promi-
nent figures . The direction of inclination before the tilting of the gravel mass is indi-
cated by the a rrows, and the angle by the less prominent figures . The position of the 
beds at the time of deposition may be shown by tilting the figure ' on the left, to the 
right about 50 degrees, and the figure on the right, to the left the same amount. 
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lamination. Throughout the lower part of the mass the horizons are in-
clined, with a strike N. 25° _30° W. and a dip of 45°-50° in a direction south 
of west. The individual horizons are cross-bedded and laminated. Where 
the tilting of the mass increased the inclination of the cross-bedding laminre, 
these now stand at an angle of 60° -70°. Where the laminre were originally 
inclined in the direction opposite to the direction of tilting of the mass, the 
original inclination was overcome and the laminre are now inclined 20° to 
30° in the opposite direction (figure 13.) 
Gray limestone pebbles are by far the most abundant, fdrming 66 per 
cent in one analysis. A few shale peb):>les appear in all the 'material but 
are most abundant in the finer gravel layers, where they form a third to a 
half of the whole number, and decrease in abundance with the increase in 
size of the pebbles. Interbedded with these layers containing much shale 
are other layers of nearly the same coarseness .that have only a few shale 
pebbles. 
The following section records the material shown In this pit which 
dips to the southwest (figure 14). 
F,G. 14.-Cro,ss ,section of a pit in a gravel hill in the northwest corner of the northeast 
quarter of section 22, Liberty township, b 'Brien county, showing the structure and 
the relation of the parts described in the text. The numbers on the figure are the 
numbers of the zones of the sections recorded i!l the text. ' 
FEET 
7. Reddish gravel, fine-grained ..................................... 4 
6. Sand, very fine-grained, yellowish gray, cross-bedded and finely lami-
nated .. .. ........................ .. . .. .... ... ........... . ..... . 
5. Sand, coarse, and fine gravel; laminated and cross-bedded in part; 
coarse gravel and pebbles at base .. . .. ....... ..... .... ... .. . ..... 7~ 
4. Sand, fine-grained, cross-bedded .. ....... : . ............ ',' . . . . . . . . 1 
3. Sand and fine gravel; some layers contain much shale .. . ..... . .... . 4~ 
2. Slumped slope of fine sand . . .. . .. .... .. ....................... " 11 
l. Sand, coarse, giving place to fine clayey sand ' . . . . . . . . . . . . . . . . . . . . . . 2 
~esting across the edges of the lower horizons of the section just noted 
and exposed in the east face of the pit are the following: 
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I NCHES 
3. Sand .. . ... . ..... . .. . ..... . ,... .. . . . .. .. . ... . .... . ..... ... . ... .. 18 
2. Glacial till . . ...... . . . ....... . ... . . .. .... . .. ... .. . . ' . . ..... ... ... : 18 
1. Sand ... .. . . .. .. . .... .... ... .. . .. .... . . . .... . ... ... .... .. .... .. . . 6 
These three members have a strike similar to that of the horizons below 
but dip in the opposite direction (northeast) at an angle of about 50° 
(figure 14). The till horizon thins to left and right, forming in the pit 
face a lens-shaped exposure about 15 feet long. It may be either a mass 
of till put down upon t~e large gravel mass or the thinning edge of 'the 
surrounding till, . which appears partly to inclose the gravel mass. If the 
gravel were entirely worked out the contacts might throw much light on 
the relation of the gravel masses and the till. Above these three members 
in the pit face is a jumbled mass of pebbles, bowlders and clay material 3 
,to 4 feet thick and then a 'sandy, pebbly soil horizon of 2 feet. 
Just south of the. northwest corner of section 22 is a large pit in a gravel 
hill , on the so~th slope of the valley. ' This is the largest of these hills 
along this creek and rises 40 feet above the stream, although its top is only 
slightly higher than the upland just to the so~th. The material here is 
somewhat coarser than that in the last pit described. Clay-balls are quite 
abundant in some zones and average 20 per cent in three analyses. They 
range in size from small pebbles to masses 6 to 8 inches across. The ma-
terial is stratified and th~ horizons are inclined with a strike N. 45°_50° W . 
and a dip of about 20° SW. The following section is exposed in·this pit. 
, FEET 
10. Soil, gt:avel!y . ...... .. .. . . . ... . ... . . . .. .. . . .. . . . .. . . . . ... .. . .. 10 
9. Sand and gravel in alternating layers .. .. . . .. . ... . . .... .. ... . . .. 3 
8. Gravel, coarse-grained, n!dpish ................. .. .. .. ... . .. ,. .. . . 2% 
7. Sand, fine-grained, cross-bedded .... .. . .. . . ....... . .. . .. . . . . .. . . 3 
6. Coarse gravel or pebble horizon . .... ... . . . . . . . . . . . . . . . . . . . . . . . . 15 
Contains numerous clay-balls r~nging in diameter from 1 to-8 
inches. This horizon is quite variable and at the east end of the pit 
it contains a 4-foot layer of fine cross-bedded sand, which thins out 
entirely in 40 feet to the west. At the central part of the pit face' 
it is very bowldery. At the west end it is fine gravel with a few 
pebble layers. 
5. Sand; coarse, and fine gravel, poorly exposed. Some of the gravel 
layers are moderately rusted . . ........ .. .... . . . ... .. .. . ..... . .. 15 
4. Sand, fine-grained, with delicate lamination and cross-bedding . . . .. 10 
Horizontally this grades into coarse sand not distinguishable from 
No. 3. 
3. Sand, cross~bedded, grayish, with a large percentage of grains of 
shale. Some layers are so largely of shale that they are sticky like 
clay when moist . .. . ..... ..... . .. ... .. : .... . . ... ... .. .. . . ... . . . 20 
2. Sand, coarse, reddish, cross-bedded, containing clay-balls in upper 
part. Only partly exposed . . . .. , ....... ... . . . . . . . . . . .... .. ... . . 8 
1. Sand, fine, yellow-gray, poorly exposed . ... .. . . . .. : . .. .. , . . . . . . . . . 10 
In the north part of section 21 and. the south parts of sections 16 and 17, 
farther down Willow creek valley, there are more of these hills, several 
of which show shallow exposures of gravel. In the southeast quarter of 
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section 17 a small abandoned pit in one of these hills (figure 15) showed 
gravel, from which a pebble count was made which contained 59 per cent 
of clay-balls. 
FrG. IS,-View of a gravel hill of the Iowan drift region on the north slope of Willow creek 
valley in the southeast quarter of section .17, Liberty township, O'Brien county, 
Northern Cherokee County,-Near the south line of section 10, Cedar 
township, Cherokee county, a mile north of Larrabee, there is a gravel hill 
that has been worked for a number of years. It i~ located on a divide and 
stands 10 to 15 feet above its sur'roundings. Another hill about half a 
mile to the north is of similar size. A pit exposure in the first hill showed 
relatively fresh coarse gravel iri inclined layers. Clay-balls are plentiful 
and some are as much as 6 inches in diameter, and the pit face showed a 
lens of till 5 feet long and 4 ,to 8 inches thick. This hill was mentioned 
by Macbride in his report on Cherokee and Buena Vista counties and was 
interpreted as being "part of a continuous seri<:s of such deposits extend-
i~g from Sibley south and eas~, including the gravel pit at Sheldon and 
similar deposits about Calumet."32 The deposits at Sibley and Sheldon are 
valley deposits, while the "deposits about Calumet" probably refers to the 
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gravel hills along the headwaters of Willow creek, described above. The 
suggested "continuous series of deposits extending from Sibley south and 
east" ,does not exist, although there are several points to suggest such a 
senes. 
One mile south of Larrabee, on the east side of the railway, at the center 
of the northwest quarter of section 26, an abandoned pit in one of these 
hills showed a rathel' rusty gravel with many clay-balls. In the north half 
of the southwest quarter of section 34 are several hills, one of which has an 
exposure s~owing the usual · light-colored gravel with clay-balls. 
Southeastern Cherokee County.-In southeastern Cherokee county there 
are gravel hills at many places in Pitcher and Diamond townships. They 
are most numerous along a ridge which .extends from the northwest quarter 
C!f ~ection 28, Pitcher township, southeast across this section and south 
through the east part of section. 33. Pebbly mounds appear on this ridge 
j~st northwest' of the center of ·section 28,· in the southwest quarter of 
section 28, at the northeast corner of section 33, and at a number of places 
in the east part of section 33. A group of hills near the quarter-·corner 
on the east line of section 33 has been worked for sand for many years. 
There are other. pebbly hills near the center of section 21 and in the north-
west quarters of sections 22 and 9. The pebbles, as exposed at the surface 
of the mounds, .show only the hardest varieties of rock, but in the pits 
and road cuts on the east line of section 33 all the usual kinds of pebbles 
are present, with some clay~balls. The material in general is more fer-
ruginous than is common farther north, but in the pits just noted there is 
much fresh fine-grained sand. Gravel hills containing very ferruginous 
sand appear also in the east part of section 4, Diamond township. 
In the northeast quarter of section 35, Diamond township, there is a 
group of gravel hills which extends also into the adjoining corners of 
sections 26 and 25 (Plate I). These hills have been extensively ,used for 
road material and show a number of poor exposures. At several places 
the gravel is very rusty and reddish and at places the coarser material is 
leached to a depth of several feet. Elsewhere it is calcareous to the sur-
face and at no place does the leaching or strong oxidation go to a greater 
depth than 5 feet, even j~ the coarser material. One exposure about 100 
feet across showed essentially horizontal zones, within which are inClined 
laminre and cut-out structures, suggesting deposition in great moulins in 
the ice rather than as kames at the edge of the ice. In the northeast part 
of section 25 ther~ IS an isolated steep-sided kamelike Hill on the south 
slope of Little Maple river valley. 
The great alteration of the gravel of many of the gravel hills of Diap-lond 
township raises the question whether they are of the same age as the 
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hills farther north. Their position would make them Iowan, but · the ma-
terial in some of them -looks older. Howeyer, alteration is not merely a 
matter of age. The more frequent the alternation of the presence of 
water and air in the gravel, the more rapid the alteration. -Neither water 
nor air remaining permanentiy in a deposit ~ill produce much change. The 
hills of section 35 are in a region of considerable relief where there would 
be fairly rapid motion of the ground-water. and a great fluctuation of the 
ground-water table with each successive period of rain. Under these 
conditions oxidation and leaching would be more rapid than in the more 
level regions farther north. 
Ida and Sac Counties.-Gravel hills and pebbly swells exist at several 
places along the Iowan drift boundary through northeastern Ida and 
western Sac counties, all of which have. been considered sufficiently in con-
nection with the discussion of the Iowan boundary (pages 79 to 84) . 
Farther east. just southeast of Early, in the north-central part of Sac 
county, only one to three miles from the Wisconsin drift boundary, gravel 
hills with pit exposures are found in the southwest and northeast quarters . 
of section 10, Boyer Valley township. The material seen in the pit in 
the southwest corner of the section consists of well oxidized gravel and 
fresher cross-bedded sand. The coarse-grained igneous pebbles and cob-
bles and even some of the limestone pebbles are largely decomposed. The 
surface of the hill on which the water tank is located at Early is pebbly, 
and 5 miles south of Early a low gravel hill is located just east of the 
southwest corner of section 34. 
In his report on Sac and Ida counties, Macbride mentions gravel deposits 
in and about Early ;33 gives pit sections from both the gravel hills of 
section 10; and shows gravel pits 'On the Sac county map in section 10 
southeast of Early and in section 31 west 'of Lake View. Concerning 
these gravel deposits, he says they "represent probably an overwash from 
the drainag~ of the Wisconsin front" . All these hills are well up toward 
the top ' of the divide between Boyer river and Indian creek, one to two 
miles west of the Wisconsin drift margin, which lies along Indian creek 
valley. Iowan .drift topography intervenes between this drift margin and 
the gravel hills, and there is no evidence that the Wisconsin ice occupied 
any part of the area west of Indian creek or drained across this divide. 
The topographic position of the hills and their isolation from the Wisconsin 
drift margin show that the material was not derived from the Wisconsin 
ice margin. . 
One mile ' north of Wall Lake, in the central part of section 1, Levey 
township, there is a group of gravel hills, cover~ng 15 to 20 acres, which 
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have been extensively worked for a number. of years for road ballast. The 
material here is light-colored gravel with a high percentage of limestone 
pebbles and is much fresher than most of the material of the hills south of 
Cherokee. In one of the pits there is much light yellow siltlike material 
mixed with the gravel. Gravel hills are present also along the west line of 
section 1. In Clinton township they are present in the northeast quarter 
of section 32, the northwest quarter of section 35 and the southwest and 
northeast quarters qf ,sectio~ 26. 
A few gravel hills are found in the Iowan drift area south of Wall 
lake outlet. In the north part of the. southwest quarter of section 19, Viola 
township, a pit on a valley slope exposes a fine gravel with much limestone. 
Clay-balls are abundant and the material is evidently of the gravel hill 
type. Gravelly swe~ls are found also near the quarter~corner on the south 
of this section. In the northeast quarter of the southwest quarter of section 
20 there is a gravel pit in a shpulder on the east slope of the valley that 
forms the Wisconsin drift boundary. The material is a dirty gravel con-
taining many clay-balls and' masses of till. This appears to be orie of the 
gravel hills ~hich characterize the rowan drift region, although the surface 
just to the east shows Wisconsin drift topography. 
The Origin of the Gravel Hills 
As to the origin of the gravel hills. four hypotheses will be consid": 
ered. (1) The hills are kames formed during the retreat of the Iowan 
ice sheet. (2) They consist of gravel deposited in great moulins or 
well~ in the ice, which, on the melting of ~he ice, was let down on the 
drift surface. (3) They consist of masses of pre-Iowan gravel plowed 
up while in a frozen condition by the Iowan ice sheet and incorporated 
as gravel bowlders with its debris. When the ice melted these gravel 
masses were left at or near the surface of the Iowan drift sheet. (4) 
They consist of masses of gravel plowed up by the Iowan ice sheet 
and left at the surface of the Iowan drift as in (3), but the gravel is 
of Iowan age, having been deposited by th~ waters flowing 'out from 
the front of the advancing Iowan ice sheet, which a little later plowed 
it up. 
Before discussing these hypotheses we will summarize some of the 
evidence which bears upon them. 
Evidenceo! Structure.-Most of the gravel is stratified, and many 
of the individual layers are themselves beautifully cross-bedded and 
finely laminated. Most of the deposits that are adequately exposed 
show the layers inclined at a considerable angle. In the pits just north-
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west of Calumet the gravel layers have an inclination of S8 degrees, 
while some of the cross-lamina! .are inclined as much as 70 degrees 
(figure 13). Other masses showing tilted layers are found in section 
10, one mile north of Larrabee, and in the southwest quarter of section 
36, three miles south of Adrian, Minnesota, where cross-lamina! have 
an angle of 80 degrees (page 92). These angles are well above the 
highest possible angle of deposition, and the strata have come into 
their. present position by a tilting of the mass since the deposition of 
the gravel. The strike and dip of the beds in most cases are uniform 
in a particular g~avel hill, indi~ating that the tilting affected the gravel 
mass as a unit. 
Evidence of Location.-Most of the gravel hills are located along 
valleys or on the slopes of valleys. The most notable instance of their 
location along valleys is along Willow .creek, west of Calumet, in 
southern O'Brien county, but other examples were noted . in northern : 
Franklin township of O'Brien county, five miles west of Sibley, and 
three miles south of Adrian, Minnesota. The pronounced development 
-of these hills north and northwest of Little Rock (page 91) is within 
or on the slopes of Little Rock river valley: From the valleys these 
.hills may appear prominent, but their tops are seldom higher than the 
upland; and from the upland they are hardly recognizable. Some of 
the hills are located on divides, entirely independent of stream courses . 
. No single topographic position will include them all and no hypo~hesis 
that hinges upon a topographic association can meet all the necessary 
conditions. 
Evidence of Material.-One of the characteristics of these gravels 
is the presence of the clay-balls seen in most of the exposures. Balls 
of clay, even when frozen, cannot be supposed to have withstood the 
wear of transportation by running water for a very long time, and' these 
clay-balls, therefore, indicate that the material was not carried great 
distances before deposition. The large percentage of shale and other 
soft materials found in some of the exposures and the prevalent sub-
angular form of the pebbles point to the same conclusion. ' This evi-
dence is against apy hypothesis that would make the gravels interglacial, 
. for interglacial deposits should be of well rounded pebbles . and consist 
of only the harder materials: . 
The clay composing the clay-balls is typical Iowan till, and therefore 
the gravel containing them cannot be older than the Iowan ice sheet. 
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But the gravel containing the clay-balls is at many places partly inclosed 
in Iowan till, and there seems to be no division between these masses 
and those completely inclosed in the till and likewise containing clay-
ball~. The deposit cannot, therefore, be younger than the Iowan ice 
sheet. 
In general appearance these gravels look very much like the gravel 
masses included in the till, like the gravel interbedded with the till, and 
like the valley gravels. The pebbles of the gravel are very mu~h like 
those of the Iowan till, 'and from its general appearance the gravel 
might have been derived from this tiil. 
Conclusions.-The first hypothesis listed above ' (page 99) would 
make the hills Iowan kames. Kames would be largely on the sl,.trface, 
although their basal parts might go down into ' the till sheet, as these 
gravel masses do in most cases. -However, the uniformity of dip 
throughout anyone of the hills, the distinctly bedded character of the 
material, and the well developed lamination and cross-bedding show a 
regularity too great for kame deposits. Some of the more irregularly 
arranged and heterogeneous deposits, as that shown in the road cut 
on the north line of the northeast quarter of section 23, just west of 
Adrian, Minnesota (page 92), may be kames. The north-south 
alignment of the hills north of Little, Rock might also. be explained by 
assuming that they were built where a stream emerged from the ice, a 
position which successively changed as the front of the ice retreated. 
The second hypothesis assumes that the gravels were deposited in 
channels, moulins or other cavities, on or in the ice. When the ice 
melted such masses were left on or in the upper part of the drift sheet, 
bl1t might extend some distance into the drift or even be inclosed in the 
upper part. During the lowering of the mass, or during its transporta-
tion after formation, it might be tilted in the manner demanded by 
these hills. The chances of such deposits being formed were probably 
greatest near the edge of the glacier where the ice was thin, and where 
holes could extend even through it to the ground beneath. It would 
be relatively easy for masses of till to be incorporated in such deposits 
by falling . from the walls of the channels directly into the accumulating 
gravel. 
The third and fourth hypotheses listed differ only in the time of 
deposition of the gravel. Both are alike in so far as the method of 
plowing up the gravel al1d getting it into the Iowan till is concerned. 
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The third makes the gravel of pre-Iowan age, the fourth of Iowan age, 
preceding possibly by only a short it:lter;al the time when it was plowed 
up by the advancing ice sheet. The evidence given above (page 100) is 
almost conclusive for an Iowan age. 
The chief features demanded are that the .gravel be of Iowan age; 
that it be deposited in ~n approximately horizontal position ; that some 
of the masses be tilted to considerable angle and partly inclosed in 
Iowan till, but rising slightly above the general surface. Either the 
second hypothesis, calling for deposition within channels or monlins in 
the ice, or the fourth hypothesis, with deposition just beyond the front 
of the ice, .will fulfill these conditions, since they differ only in the place 
of deposition of the gravel. It is probable that the conditions for the 
development of . cross-bedding and lamination of the 'strata would be 
better met' by deposition just beyond the edge of the ice, but conditions 
for the inclusion of large masses of till in the gravel are best met by 
depQsition in moulins, from the walls of which the till might fall di-
rectly into the accumulating gravels . . The writer belie~es that the ma-
jority of the m~terial had its origin in moulins and channels in the ice, 
as outlined in the second hypothesis, but would not exclude the fourth 
hypothesis. In so far as the hills fulfill the conditions of true kames, 
the first hypothesis may be used. 
CHAPTER III 
THE KANSAN DRIFT REGION 
The Kansan drift region of northwestern Iowa is the area which 
lies west of the Iowan drift boundary. It includes all of \Voodbury 
and Plymouth counties, most of Ida, Cherokee, Sioux and Lyon coun-
ties and small parts of Sac and O'Brien counties (Plate I). To the 
south it broadens out into the great Kansan drift region of southern 
Iowa and northern Missouri. Northward it continues into southwest-
ern Minnesota and eastern South Dakota, occupying the narrow area 
between the Iowan drift region on the east and the Dakota lobe of the 
Wisconsin drift region on the west (figure 2). From the northwest 
corner of Iowa southward to Canton the Wisconsin drift plain lies just 
west of the Big Sioux valley. South of Canton the Kansan plain ex-
tends westward int'O southeastern South Dakota and northeastern 
Nebraska. 
TOPOGRAPHY 
General Characteristics 
The topography of the Kansan drift region is erosional, and the 
greater part of the area is in the mature stage of the erosion cycle and 
presents a rolling or rough topography. The entire surface of the Kan-
san drift is well drained. being characterized by long, direct stream 
courses, which, for any particular locality, generally have a rather uni-
form direction but diverge enough to make a dendritic stream pattern. 
Long, gentle slopes lead down from either side, making a topography of 
broad, open valleys. Most of the divides are rounded without level 
upland areas and all the surface is in slopes. . The lower parts of the 
valley slopes are broadly concave and their upper parts are broadly 
. convex. It is the topography typical of maturity. The relief varies 
from place to place, being only 20 to 40 feet in some places and 125 to 
150 feet in others. The steepness of the slopes varies with the relief. 
The Kansan drift plain includes considerable range in both relief 
and degree of dissection. There are a few quite level or almost flat 
areas; there ar.e areas with slight relief, with long, gentle slopes; areas 
of moderate relief, well drained ; rolling and rotigh areas with steep 
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slop~s; and sharply dissected areas with very steep slopes. These va-
rious types of topography have an orderly arrangement with respect to 
the chief drainage lines and in most cases grade rather gradually from 
one type to another. 
Description of the Topography 
The most typical Kansan topography as judged by the standards of 
southern Iowa is found in the southwest part of our region in \Vood-
bury, Ida, southwestern Sac and western Plymouth counties. Here the 
relief is 100 to 150 feet and the region is rolling to rough, the typical 
Kansan of southern Iowa. To the east and northeast, with increasing 
distance from the great drainage lines, the relief and ruggedness qe-
crease, with prongs of the more rugged topography extending north-
east along the drainage lines and prongs of the more even type extend- . 
ing southwest along the interstream areas. 
Most of the Kansan region of northwestern Iowa has a rolling to-
pography with a relief of 50 to .100 feet. This type covers Lyon, 
Sioux, eastern Plymouth and western Cherokee counties. The drain-
age pattern is distinctly dendritic, the slopes are definite but of moder-
ate steepness, and the region is well drained. This area includes the 
best farm land of northwestern Iowa. 
At several places within this rolling Kansan drift region there are 
areas that have only slight relief. Several or the more prominent .of 
these lie just outside the Iowan drift boundary and have been mentioned 
in connection with .that subject. There are small areas of this type on 
the divide south of Odebolt in southwestern Sac county and on the 
divide around Holstein in northern Ida county. Parts of Marcus 
township of northwestern Cherokee county are only slightly rolling, 
and farther northward along this divide between Mill creek and Floyd 
river there is a considerable area of almost level surface in Caledonia 
and Baker townships of southwestern O'Brien county. Another quite 
level area lies in northern Sheridan township of Sioux ~ounty (page 
65). These more level areas do not seem to .represent the original Kan-
san plain (!.s do the level uplands of southern Iowa, but the whole region 
seems rather to have been eroded beyond the mature stage of the cycle. 
It is this more even or slightly rolling type that exists along most of 
the Iowan boundary, and the Iowan drift region is apparently merely 
this slightly rolling Kansan type veneered by a thin layer of Iowan 
drift. 
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Although erosional features are the dominant ones of the Kansan 
drift reg~on, there is one region with a topography that is in part con-
structionaL This is a belt five to ten miles wide just east of the Mis-
souri river valley through Woodbury and southwestern Plymouth 
courities. The topography is of a bold rugged type,characterized by 
steep slopes which are at many places almost bare of vegetation, by 
pointed hills, and by narrow ridges (figure 16, page 117). This area 
has a thick deposit of loess and the topography is partly loess-formed. 
It continues southward along Missouri river through western Iowa 
and has its best development south of our region. Five to ten miles 
from the Missouri and Big Sioux river flats, with decrease in thick-
ness of the loess, this topography grades into the more typical erosional 
topography of the Kansan drift region. 
East of the region which has the distinctive loess topography, the 
loess is much more extensive as a thinner deposit, mantling the rounded 
profiles of the drift surface but not notably affecting the topography. 
This mantling loess deposit, thinning eastward, covers the entire Kan-
san area. 
THE KANSAN DRIFT 
General Cha.racteristics 
The Kan~an till of northwestern Iowa consists of a clay matrix with 
numerous sand grains, pebbles and bowlders scattered through it. The 
rriatrix is finely ground rock-flour, gritty from the presence of very 
small sand grains, but somewhat plastic if moderately moist. At the 
surface and in exposures of moderate depth the till is oxidized and has 
a yellow or brownish yellow color. Below this is the unoxidized "blue 
clay" phase of the Kansan. The till is cut by numerous joint planes 
belonging to sets that intersect at such angles as to give the clay a very 
characteristic fracture into angular fragments a quarter to three-
quarters of an inch across. Both the oxidized and unoxidized phases 
are strongly calcareous, even up to the surface or up to the base of the 
overlying loess. Calcareous material is present further in the form of 
small grains, pebbles and cobb-Ies of limestone, and, near the surface 
at many places, as small concretions and gray p'owdery material along 
joints. 
The oxidized yellow clay at the surface and on the face 6f cuts is 
moderately loose, but a few inches beneath the surface it is compact 
and harq and if wet is tough and gummy. The oxidized yellow clay 
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horizon has a usual thickness of 15 to 20 feet, with a range from zero 
to probably 40 feet. In general it is thicker in those parts having a 
more rugged topography and thinner in the more level regions. It is 
thicker on the hills than in the valleys, and in some of the marshy flats it 
is entirely absent and blu'e clay iies directly beneath the . soil or alluvium. 
Calcareous concretions one to two inches across exist in the upper 
part of the oxidized Kansan till, in many of the exposures. They are 
not so large as those of the Nebraskan till but are larger than those 
commonly found in the loess. They are formed by the leaching of 
calcium carbonate from the till or the overlying loess and. its concen-
tration in nodules lower down. At a number of places these nodules 
have an elongate form and stand in a vertical position along the joint 
planes. They are more numerous and larger in the Kansan till south 
of our region, as exposed in the cuts of the Chicago, Milwaukee, St. 
Paul and Pacific railway in Carroll county. 
In most exposures the blue clay is plastic and gummy and, if only 
recently exposed, is very tough and ~ard. When dry it has a light 
blue-black or bluish gray color on the face of the exposure, while just 
beneath the surface it is almost black and with greater depth grades 
into the typical blue clay. The b~ue clay is exposed in the banks ' o.r 
beds of many valleys where erosion is now active, and is penetrated by 
all wells of any great de·pth. Its thickness differs with the total thic)<:-
ness of the Kansan. 
,The blue clay is the fresh unoxidized phase' of the Kansan till! and 
the yellow clay is the oxidized form. The transition from the blue to 
the yellow is, as a rule, abrupt or accomplished within a very thin tran-
sition zone, but the alteration to a yellow color may extend down into 
the blue clay along joint platies, affecting the clay for several inches 
from these planes. Where the till is much brokeri. ' by intersecting 
joints and is mixed with irregular pockets and veins of sand which al-
low the weathering agents irregular access to the till, there is, at the 
contact, a zone several feet thick made up of masses of unoxidized till 
enclosed in oxidized till. Where the till is m~ist and where, because 
of recent erosion and exposure, rapid alteration is now in progress, a 
blue-black phase is present in the transition zone between the blue and 
brownish yellow phases. 
Gray limestone is the dominJint rock material among the pebbles of 
the Kansan till, forming more than 70 per cent' of the total number of 
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pebbles: Other types of limestones and a few quartzites and shale peb-
bles increase the number of sedimentary pebbles to about 7S per cent of 
the whole. The remaining 2S per cent consists of igneous pebbles, 
chiefly granites. The large cobbles and bowlders are. dominantly igne-
. . 
ous; quartzite, which is never abundant in the analyses of pebbles, is 
common; while limestone bowlders are rare. The pebJ?les of the Kan-
san drift ar~ in most cases rounded or subangular, but a few are ;mgu-' 
lar. The drift separates cleanly from the pebbles, and the white lime-
stone pebbles show plainly against the darker clay. 
Source of Material for the Drift 
The bedrock of northwestern Iowa belongs to the Cretaceous system, 
whi'ch also is present in great thickness to the north. The dominant 
rock of this system is shale, and the remainder is largely shaly lime-
stone and friable sandstone. Its most notable contribution to the drift 
was the material for the clay matrix, derived largely from the shale, 
but it also yielded much soft limestone which was ground to powder.-
Although they contributed the bulk of the drift material, the Cretaceous 
. rocks are not common among the pebbles and never appear among 
the bowlders. 
The corripact gray limestone pebbles of the till are commonly unfos-
siliferous,_ but a f,ew contain fragments of Ordovician fossils. No lime-
stone of this ag~ is known in the bedrock of northwestern Iowa or for 
sever~l hundred miles to the north along the course followed by the ice, 
but in the northwest -corner of Minnesota and extending northward 
along the valley of Red River of the North through Manitoba to Lake 
Winnipeg and beyond, there is a belt of Ordovician, Silurian and De-
vonian rocks which probably furnished the limestone pebbles .of our 
region. The igneous. pebbles and bowlders were derived from the 
pre-Cambrian rocks of Canada and northern Minnesota and from the 
smaller areas in the Red river and Minnesota river valleys. The large 
amount of calcareous material in the matrix of .the drift was derived 
in part from the impure limestone and calcareous shale of the Creta-
ceous and in part from the Paleozoic formations that furnished the 
I 
limestone pebbles. 
In the extreme northwest corner .of Iowa are a few outcrops of 
quartzite, and to the northwest around Sioux Falls there are consid-
erable areas of this rock. It is very resistant and furnished many 
bowlders for the drift of northwestern Iowa. In decreasing abun-
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dance they occur southward to the limit of glaciation. The largest 
of these quartzite bowlders exposed at the surface in .our region is 
"Pilot Rock" in the southeast quarter of section 15, Pilot township, . 
Cherokee county, four miles south of Cherokee. Here is a great block 
of reddish quartzite about 35 feet by 25 feet and rising 10 to 15 feet 
above the surface. 
Preceding the Kansan epoch, northwestern Iowa had been glaciated 
by the Nebraskan ice sheet, which deposited a thick sheet of ·till. As 
the Kansan ice sheet . advanced over the surface of the Nebraskan till, it 
gathered up great quantities of the older . till and mixed it with such 
new materials as it brought in, making the Kansan drift. It also 
picked up masses of Nebraskan till and incorporated them in the Kan-
san till without . intimate mixing. There are also masses of gravel, 
sand and silt inclosed in the Kansan, and these probably were gath-
ered in a similar way either from interglacial deposits resting on the 
Nebraskan or from outwash deposits laid down in front of the ad-
vancing Kansan ice sheet. These gravel masses and the evidence as 
to their age are considered on pages 111 to 115. 
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A ' notable characteristic of the Kansan till of northwestern Iowa is 
the small amount of alteration and weathering which it shows. Oxida-
tion to a yellow color commonly extends to a depth of 1,5 to 20 feet, and 
locally the till is iron stained along the joints, but the degree of this 
oxidation is only moderate. Excessive oxidation of the type · repre-
sented by the iron-stained hori~on (ferretto) present at the top of the 
Kansan till at many places farther south is lacking in northwestern 
Iowa. Further, the Kansan till of northwestern Iowa is commonly 
calcareous to the surface. In only a few places in the south and south-
west part of the region was any leached till found. Even where the 
overlying loess is leached for its entire thickness, the till beneath is 
commonly unleached . . In southern Iowa leached till is commonly pres-
ent and in many places has a depth of several feet. 
In the Kansan drift regi~m of sou,thern Iowa the principal divides 
of a region commonly rise to a uniform altitude and have some level 
surface at their summits. These level' areas are interpreted as rem-
nants of the original Kansan drift plain, which is thought to have been 
relatively level without marked constructional features. 
These level uplands of southern Iowa are covered with about 10 feet 
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of gray to dark colored noncalcareous sticky clay which Doctor Kay has 
named gumbotil84 and interpreted to be the result, chiefly, of the chem-
. . 
ical weathering of Kansaf1. drift35 on the level Kansan drift plain. The 
characteristics and distribution of the Kansan gumbotil are fully 
treated in a report by Kay and Apfel in a recent volume of the Iowa 
Geological Survey.36 Beneath the gumbotil.there is a zone of leached 
Kansan till about 5 feet thick. This leached zone grades upward into 
the gumbotil and downward into unleached till and represents a less 
altered phase of the till. After the development of the gumbotil zone 
aI} uplift is believed to have occurred, and erosion has carved out a 
mature topography and reduced most of the surface below the level of 
the former gumbotil plain. The above interpretation is based on the 
e~idence of the remnants of this plain. 
Remnants of the gumbotil zone are numerous in southern Iowa and 
continue northward to Carroll and Crawford counties, just south of our 
region.37 The most norther:ly known exposure of the Kansan gumbotil 
is in a railway cut two miles e'ast of -Kiron, a few miles south of the 
southwest corner of Sac county. 
N either the level uplands nor the gumbotil have been found within 
our region, although exposures ot" unleached till have been seen on 
most of the high areas. However, it is believed that northwestern 
Iowa has passed through essentially the same history as has been out-
lined for southern Iowa by Kay. That is, . that the Kansan ice sheet 
left a relatively even, drift plain; that the gumbotil and the leached zone 
below were developed over the entire region; that the gumbotil plain 
was uplifted; and that it has since been eroded. This erosion, how-
ever, has been greater in n6r~western Iowa than in southern Iowa, 
so that, although remnant.s of the plain and the gumbotil remain in 
southern Iowa, in northwestern Iowa all the surface has been reduced 
below the level of the gumbotil plain and every remnant of the plain, 
the gumbotil and the leached zone has been destroyed. 
84 Kay, G. F., Gumbotil, a New Term in Pleistocene Geology: Science, Vol. XLIV, pp. 637.638, 
1916. Also Iowa Geo!. Survey, Vo!' XXVI, pp. 216·218, 1917. 
85 Kay, G. F., Bul!. Geo!. Soc. of Amer., Vol. Zl, pp. 115·117, 1916. Also Iowa GeoL Survey, 
Vol. XXV, pp. 612·615, 1916. 
Kay, G. F ., and Pearce, J. N., The Origin of Gumbotil: Jour. of GeoL, Vol. XXVIII, pp. 
89·125, 19~. 
86 Kay, G. F., and Apfel, E. T. , The Pre· lllinoian Pleistocene Geology of Iowa : Iowa Geol. 
Survey, Vol. XXXIV, Chapters VI and VII, 1929. 
87 Kay, G. F ., and Apfel, E. T., Iowa GeoL Survey, Vol. XXXIV, p. 129, Fig. Zl, 1929. 
Kay, G. F ., Pleistocene Deposits between Manilla in Crawford County and -Coon Rapids in 
Carroll (;;ounty: Iowa Geol. Survey, Vol. XXVI, pp. 213 to 231, 1917. 
Lees, James H., Geology of Crawford County: I owa GeoL Survey, Vol. XXXII, pp. 322, 323, 
19Z1. 
I~ 
110 PLEISTOCENE OF NORTHWESTERN row A 
Concerning this matter of erosion of the gumbotil plain in Carroll 
county just to the south of our area Kay wrote as follows :88 
"The history of northern Carroll county and farther to the north seems 
to have differed from the history 'of the Templeton region (southern 
Carroll county) in having undergone still greater erosion. Northward 
from Templeton there are fewer and fewer remnants of" the weathered 
zones until none are found. Moreover, in the region of Te~pleton there 
3!Ppears to have been more erosion than farther to the south. In south-
central Iowa the unerodcd remn,,-nts of upland with gumbotil and leached 
drift are a somewhat distinctive feature of the topography}' 
The above explanation includes several points that have not been 
conclusively proved, but the interpretation explains the conditions 
fairly well. It has not been proved that the gumbotil plain extended 
over northwestern Iowa. However, the writer has seen a good deal of 
the evidence ' in southern Iowa and in Carroll and Crawford counties 
just south of our region, upon which Kay bases the gumbotil interpre-
tation, and considers it so strong that he cannot fail to use this inter-
pretation for the southern part of the region here under discussion. , It I , 
is believed that the development o.f the gumbotil to a depth of 10 to 
15 feet over southern Iowa required a very great length of time. 
Such thicknesses are found northward to Carroll county, where a sec-
tion recor.ded by Kay from a railway cut three miles west of Templeton 
shows 15 feet of Kansan gumboti1.39 A deposit of this origin and 
representing such a great lapse of time could not terminate abruptly 
and, therefore, it seems very probable that the gumbotil was developed 
farther northward over northwestern Iowa during this same long 
interval of time. 
The way in which the remnants of the g.umbotil on the 'highest di-
vides become fewer and smaller as 'they are traced northward in west-
central Iowa, and -especially in Carroll county, indicates strongly that 
these remnants have been entirely destroyed farther north; that is, 
that northwestern Iowa has been entirely reduced below the level of the 
gumbotil plain. The unleached Kansan drift at the surface in north-
western Iowa is . similar in all respects to the unleached Kansan drift 
which exists beneath the leached drift and gumbotil farther south. The 
altitude of the remnants of the gumbotil along the divide between the 
Mississippi and Missouri rivers increases gradually northward. from 
88 Iowa Geol. Survey, Vol. XXVI, p. 218, 1917. 
89 Iowa Geol. Survey, Vol. 'XXXIV, p. 226, 1929. 
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about 1,200 feet at Tingley, near the south line of the state, to nearly 
1,500 feet west of Templeton in Carroll county.40 If these altitudes 'are 
used to project the plain northw~rd, it is found that it would pass above 
all the high points of northwestern Iowa. 
An uplift of the r~gion is postulated in order to allow the dissec-
tion of the gumbotil plain. In southern Iowa, where ,remnants of the 
gumbotil plain exist, the postulated uplift rests on firmer basis than 
in northwestern Iowa, where the uplift is merely inferred. The ques-
tion as to why northwestern Iowa was eroded more deeply than south-
ern Iowa, in spite of the fllct that it is farther up the Missouri valley, 
has not been satisfactorily answered. Possibly the uplift in northwest-
-ern Iowa was greater than in southern Iowa; possibly it occurred 
earlier. There exist in northwestern Iowa considerable areas of slight 
relief which by this hypothesis must be interpreted as having been re-
duced below'the original plain, and yet they are not at flood-plain level. 
The origin of these areas is not understood. 
The writer has attempte~ in earlier manuscripts to develop an ex-
planation of the unleached Kansan drift of northwestern Iowa as com-
pared with the Kansan drift farther south on the basis of difference 
in the composition of the drift; difference in topography and relief, 
as affecting the rate of alterations; difference in rainfall and other 
climatic factors. N one of these ~ttempts ha.s been satisfactory. . The 
chief difficulty has been to explain the apparent abrupt dropping out of 
the gumbotil and leached zone horizQns just south of our region. By 
all these interpretations these horizons should pass out gradually north-
ward or grade into some other alteration product. 
GRAVEL AND SAND MASSES INCLUDED IN THE TILL 
General Characteristics 
There is in the till of northwestern Iowa a large quantity of gravel 
and sand in the form of inclosed masses (gravel bowlders). These 
are known in both the Kansan and Iowan drift regions and are appar-
ently inclosed in both the Kansan and Iowan tills, although it is not 
possible in most cases to distinguish these tills. These gravel masses 
we~e observed in cuts and in the fresher· and steeper valley-side ex-
posures. When they are penetrated by bored or drilled wells they are 
usually reported as gravel layers but in dug wells thei~ true nature is 
40 Iewa Geal. Survey, Vel. XXXI~, p. 261, 1929. AlsO' Vel. XXVI, p. m, 1917. 
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revealed in most cases. Most wells which stop in gravel masses fail 
to furnish an adequate supply of water. 
The gravel masses range in size from small pockets a few inches 
across to huge masses 10 to 20 feet or more in diameter. Common 
dimensions are three to six feet. A mass exposed in a railway cut in 
section 6 of Douglas township, Ida county, about 10 miles south of 
Washta, is about 35 feet by 20 feet on the face of the cut and another 
in a Chicago & North Western railway cut just east of Sioux Rap-
ids is 20 to 25 feet across. 
Most of the sand and gravel masses are roughly equidimensional or 
compressed in a vertical direction, but some are irregular in shape. 
Most of them have a rounded form j but several were seen with cor-
ners projecting into the till in such ways as could have been assumed 
only when the gravel masses were frozen, 
The sand and gravel of the bowlders are, as a rule, stratified. The 
beds range in position from approximately horizontal to vertical, . and 
locally the layers are contorted . . The bedding of a particular bowlder 
is usually a unit, but a few'cases were observed which show faulting 
and some crushing, and in many cases the bedding is obliterated at 
the margins of the mass. 
The material of these bowlders is sand, fine gravel, and some silts. 
Most of it is slightly ferruginous so that an iron-stained dust is re-
leased when the gravel is displaced. There are a few masses com-
posed of strongly rusted gravel. In general the coarse gravel is rusted 
and partly decomposed, while the finer material is fresh and unaltered. 
The coarse-grained igneous pebbles are more decomposed than the finer-
grained ones and the darker colored va"rieties (containing mica and 
hornblende) more than the lighter colored. Most limestone peb-
bles are altered slightly at the surface and a few are altered to the. 
center or decomposed to clay ironstones. 
Seventeen analyses of gravel associated with till were made, but 
there is some question concerning the correct interpretation of a num-
ber of these as gravel bowlders. The analyses of the ten positive cases 
average 38 per cent igneous and 62 per cent sedimentary rocks,50 per 
cent being limestone. The average for the seventeen analyses is 41 
per cent igneous rocks and 59 per cent sedimentary. Small rounded 
balls of till (clay-balls) were seen in a few of the gravel bowlders. 
In most cases the till is fresh up to the edge of the gravel bowlder, 
but in a few cases a thin shell, concentric with the border, is stained, 
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altered, and partly cemented with ferruginous material. Also in a few 
cases the gravel- is cemented in a shell around the outside of the 
mass. This alteration and cementation is a contact phenomenon which 
has been produced since the inclusion of the gravel mass. 
Description of Some Typical Gravel Masses 
Little Sioux river valley across northern Buena Vista and southern Clay 
counties has been cut deeply into the till, and both natural and artificial ex-
posures along the valley show many gravel bowlders. This is in the Iowan 
drift region, but an' Iowan drift cannot commonly be differentiated from 
the Kansan, and the till of these bluffs is quite certainly Kansan. A large 
sand bowlder in a cut of the Chicago and North Western' railway just east 
-of Sioux Rapids has been noted .above (page 112), and gravel masses are 
numerous in several cuts a little farther east. In the southeast quarter of 
section 3, Barnes township, Buena Vista county, just east of where the 
railway crosses the terrace area, is a cut which, although old and slumped, 
showed a great number of sand bowlders. 
Near the top of the bluff north of the schoolhouse at Peterson there is 
a pit excavation 30 to 40 feet across and IS-to 20 feet deep. The material 
excavated was supplied by several large sand and gravel bowlders packed 
closely together. Some of the vertical contacts with the inclosing till were 
exposed. Some of the material is coarse gravel, some is fine sand, .and 
some is silt. . The material is stratified, and the beds now stand at various 
angles. N ear the top of the slope leading to the upland southwest of 
Peterson the road cut exposed a lens of sand SO feet long and 10 . feet 
thick. The material is ,slightly iro~-stained and around the edges of the 
mass is somewhat contorted. 
• A large sand bowlder was exposed iii. a road cut ~n the slope toward 
the river in the north half of section 26, Waterman township, O'Brien 
county, and at .about the center of section 14 of the same township the 
east bluff of Waterman creek showed several gravel bowlders, 4 to 10 
feet across, inclosed in ' Kansan till. 
Just east of the center of section 22, Brooke township, Buena Vista 
county, the west bank of a ravine exposed an old-looking ferruginous sand 
and gravel with some fine silty layers. The exposure had a length of about 
SO feet and rose 40 feet above the ravine bed to the top of the slope. In 
. either direction the ravine slope was grassed over . and the basal part of 
the exposure was too badly slumped to show material in place, but Kansan 
till was exposed in the ravine bed just south of. the exposure and rose 6 to 
8 feet above the ravine bed just north of the exposure, There is little 
doubt that this is a ' great gravel mass included in the Kansan till. The 
bedding of the mass dips slightly to the south and apparently back into 
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the bank to' the west. Ferrugino.us co.ncretio.nary cementatio.n has affected 
part o.f the sand and has fo.rmed irregular shaped masses, so.me o.f which 
are mo.re th~m a fo.o.t acro.ss. The material co.mpo.sing this mass is much 
mo.re deco.mpo.sed and altered than is co.mmo.nJo.r the gravel masses. 
In the no.rth bluff o.f Sto.rm lake, near the center o.f sectio.n 4, Hayes 
to.wnship, Buena Vista co.unty, there are several irregular masses o.f lo.ess-
like silt and sand. At several places the layers making up the masses are 
co.nto.ited and crumpled and even bro.ken o.ff, so. that they abut against o.ther 
parts o.f the mass in which the layers have a different angle . . 
In the no.rth part o.f Chero.kee, in an. alley just east o.f Seco.nd street 
and so.uth o.f Spruce street, a bank sho.wed a large mass o.f silt and sand 
partly inclo.sed in till. The material is so.mewhat co.nto.rted and the layers 
are in part steeply inclined. This expo.sure is 'probably · o.f Io.wan drift. 
A series o.f ro.ad cuts in ~ansan till in the no.rtheast quarter o.f sectio.n 28, 
Cherpkee to.wnship, sho.wed in 1916 a large number o.f inclo.sed gravel 
masses. The face o.f o.ne o.f these cuts near the no.rth line o.f the sectio.n 
sho.wed almo.st as much gravel as till. 
Other gravel masses were seen in the so.uth· bluff o.f Mill creek between 
the bridges in the no.rtheast quarter o.f sectjo.n 23, Chero.kee to.wnship.; in 
the bluffs o.f the creek valley o.f sectio.n 24, Cedar to.wnship; alo.ng the creek 
valley thro.ugh sectio.ns 11 and 10, Pilo.t to.wnship, so.uth o.f Chero.kee; 
and at many o.ther places thro.ugho.ut the area. In fact, mo.st large ex-
po.sures o.f till sho.w so.me o.f these gravel masses. Mo.st o.f the gravel ' . 
masses so. far described are in the Iowan drift regio.n, but the Io.wan drift 
is believed to' be very thin and the gravel masses are apparently in the 
Kansan till. 
In the south bank of' a . ravine in· the south part of sectio.n 10, Stockholm 
township, Crawfc;>rd county, about a quarter of a mile west of the railw~y 
there are several gravel bowlders four to ten feet in diameter and some 
smaller o.nes of sandy silt or silt. The material of these gravel bowlders is 
somewhat iron-stained and in o.ne case the gravel aro.und the border is 
partly cemented, while in another the surro.unding clay is iron-stained for 
two. to' three inches, concentric with the border of the bowlder. An analysis 
of pebbles from o.ne o.f these bowlders gave 30 per cent igneous ro.cks and 
70 per cent sedimentary ro.cks, 7 per cent o.f which were clay-balls. The 
layers of the gravel composing the bowlders are inclined. 
In the south bank o.f the ro.ad cut just east of the railway crossing in the 
east part of sectio.n 15, east o.f Sioux Falls, South Dakota, there is a mass 
of gravel completely inclosed in the Kansan till. The gravel is rather 
fresh and contains shale pebbles and dri.ft pebbles. The analyses showed 
49 per cent igneous rocks and 51 per cent sedimentary. The bedding of the 
mass . is inclined. 
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Masses of gravel inclosed in Kansan and Nebraskan till are present 
at many places in western and southern Iowa south of our region. 
Great masses of gravel, formerly interpreted as Aftonian gravels, in· 
Union county in southern Iowa and in Harrison and Monona counties 
in western Iowa, have been recently interpreted by Kay as lenses and 
irregularly shaped masses inclosed within the .tillY 
·The Origin of the Sand and Gravel Bowlders 
The presence of the rounded; rectangular or angular masses, of strati-:-
fied gravel, sand .and silt completely inclosed in the till has been noted. 
It has also 'been noted that some of these gravel masses have 'angular 
_ corners projecting into the till and that the layers of 'the masses have 
various positions. These points indicate that the gravel masses are 
fragments of larger deposits which were ·broken up, probably while 
they were in a frozen condition, and the fragments were incorporated 
like rock bowlders in the till. As to the origin and age of the gravel 
deposit 'that was thus broken up, two hypotheses may be considered. 
(1) It was an interglacial deposit whichexist~d in the region prior 
to the Kansan or Iowan ice epoch. (2) It was an outwash deposit 
laid down in front of the advancing Kansan or Iowan ice sheet, which 
a little .later plowed it up. 
An interglacial deposit should consist largely of well worn pebbles 
of the harder, more resistant types of rock that are left after the 
weaker ones have been worn out or decomposed. It would commonly 
. consist of leached material. By both of these cr~teria the gravel of 
these mass,es does not seem to be interglacial. 
In general appearance and freshness the pebbles of the gravel masses 
bear a close resemblance to pebbles picked directly from the Kansan or 
Iowan till. The clay-ball pebbles which are present in the gravel show 
that the material was not t;anspo~teq. far before its deposition. These 
clay-balls are of Kansan or Iowan till. 
The gravel masses are, therefore, considered to be contemporal'l;eous 
with the till sheet which incloses them and the grav,e1 is interpreted as 
having been deposited beyond the -front of the advancing ice sheet, 
which a little later plowed it up and incorporated fragments of the 
frozen mass in its drift. Deposition in openings beneath the ice or lOw 
~nough in,the ice to become inclosed in the till would a~so suffice. 
4l Iowa Geol. Survey, Vol. XXXIV, pp, 184-1~S. 
CHAPTER IV 
' THE LOESS 
General Characteristics and Distribution 
The Kansan and Iowan drift regions of northwestern Iowa are 
covered ",ith a mantle of fine-grained yellow clay known as loess. In 
the southwestern part of the area the loess has a considerable thickness, 
but it thins to the · northeast until it is almost negligible . . It crosses 
from the Kansan region east onto the Iowan area and continues to the, 
Wisconsin boundary. In the· regions where the loess is thick; it is 
commonly calcareous to the surface and in many exposures contains 
calcareous concretions and snail shells. Farther northeast, where the 
sl1rface is more even and the loess is thinner, it is leached in its upper 
part, or po'ssi~ly for its entire thickness, and shells and calcareous con-
cretions ar~ absent. 
The Region of Thick Loess 
The region withi~ which the loess covering is thick includes Wood-
bury county, IdCl;' county except the northeast part, .the southwest part 
of Sac county, and a belt along the east side of the Big Sioux -valley 
narrowing northward through western Plymouth, Sioux and Lyon 
counties. Within this area many road cuts on the, slopes or on the 
crests of the hills eXpose, 10 to 20' feet of loess. It is buff to yellow 
in color, commonly calcareous to the surface, contains concretions at 
many places, and in some · places is fossiliferous with snail shells. 
In the more recent road cuts the loess stands as cliffs. 
, The greatest thickness of the loess is found in a rugged belt five to 
ten miles wide just east of the Missouri ·river valley in Woodbury and 
southwestern Plym<;>uth ,counties: Here exposures of 30 to 50 feet or 
more of loess exist. The topography is rugged, made up of narrow 
ridges andpointed hills (figure 16). The slopes are steep and at many 
places almost bare of vegetation. The more prominent characteristics 
of this topography and much of the relief were produced by the deposi-
tion of the loess. The elevations of the hilltops of this belt are, in 
general, greater than.in the region to the east. It is an area of distinc-
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FIG. 16.-The topography of the loess·covered region north of Turin, Monona county. Snow 
partly covers the surface, especially to the lee, east, of the crests. (Shimek, Iowa 
Geological Survey, volume XX, p. 289.) 
tively loess-formed topography which continues southward along 
• Missouri river across western Iowa. 
The Northeast Border of the Thick Loess 
Along a belt on the northeast, the loess thins abruptly within a dis-
tance of a mile or less, so that there appears to be a loess boundary; 
This belt, within which the loess becomes so much thinner, leaves the 
Wisconsin drift boundary near the south line of Sac county and extends 
northwest across southwestern Sac, northeastern Ida, southwestern 
Cherokee "and southeastern Plymouth counties. West of the Floyd 
river valley it extends west of north through western Plymouth, Sioux 
and Lyon counties. The change is more abrupt in Sac and Ida coun-
ties than farther northwest and more abrupt where this belt follows 
valleys than where it crosses upland country. In some places it seems 
to be a definite boundary, but on the whole it is simply a zone within 
which the thinning of the bess is very marked. 
The zone within which the loess " thins " so notably is quite definite soutH 
of Wall Lake in Sac county through sections 33, 32 and 30 of Viola 
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township and sections 25 and 24 of Levey township. This is along the 
Iowan boundary. To the southwest is rough, Kansan topography with a 
relief of 50 to 100 feet and road cuts at the crests of the hills show 10 feet 
or more of loess. To the northeast the Iowan region is much less rugged, 
the relief is less, and the mantle of loess is only a few feet thick. A 
marked contrast exists along a small valley through sections 33 and 32 
of Clinton township, northwest of Wall Lake. In section 32 on the south-
west of this valley the topoglJaphy is rugged with a relief of 75 to 100 
feet, with very steep slopes and sharp crests, and the road cuts through 
these crests expose 15.1020 feet of loess without reaching its base. Across 
the valley in section 33, the general altitude is 30 to 50 .feet lower, the 
surface is moderately rolling, and loess is not prominent. A similar con- . 
trast exists along the Boyer valley in sections 34 of Clinton and 2 of 
Levey townships. In both of these cases the Iowan drift boundary is also 
the boundary of the thick loess. 
Northwest of Odebolt, toward Maple river, there are several places 
where the border of the thicker loess is definite. but it is not a continuous 
boundary. The loess is thickest on the higher points and there is com-
monly some group of hills or a divide where the thicker loess projects 
farther northeast than is general, and along · the northeast base of these 
hills the marked change is located. The first course of this type northwest 
of Odebolt is along the northeast base of a belt of hills in sections 21, 20 
and 18, Richland township. The base of this ridge at its east end is the 
Iowan boundary, but the boundary thence runs on north and lioes not 
continue along the northeast face of the ridge. This be.!t of loess-covered 
l.tills continues on west through Blain township, Ida county, as the divide 
between Odebolt and Elk creeks. Some hills with thick loess, however, 
exist on the divide north of Elk creek in the southwest corner of Silver 
Creek township and in southeastern Logan township in the angle between 
Buffalo creek and Maple river, where a -very marked contrast exists for 
a short distance. -
A very marked contrast exists along the course of Maple river valley 
from section 25 of Logan township, Ida county, north to section 22 of 
Galva township. Rugged topography with deep loess cuts exists to the 
west of the valley, while to the east it is less rugged and there are few 
. exposures of loess. 
At the south end of the Iowan drift region southeast of Odebolt 
there is a close co-ordination between the Iowan boundary and the edge 
of the thick loess deposit and it appears that the thick loess was depos-
ited. while the Iowan ice sheet protected the area on the northeast. 
• 
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Northwest of Odebolt through northeastern Icia county thes'e boun-
daries are not the same, the Iowan boundar.y as mapped being east of 
the edge of the thick loess. At Galva, the Iowan boundary comes to 
the east side of Mapl~ river valley, while thick loess covers the region 
west of the river. North of Galva there is no further relation between 
the two boundaries. , The Iowan boundary ru~s north-northwest across 
Cherokee and O'Brien counties. The edge , of the thick . loess runs 
west-northwest across northern Ida, southwestern Cherokee and south-
ern Plymouth counties. Westward the transition belt becomes broader 
and less definite and c'an hardly be considered a boundary. 
At a number of places along the north-south valleys more rugged 
topography exists, and the loess is thicker o~ the west slope than on 
the east. This feature is present in the case of several of the parallel 
valleys and is not a characteristic simply of the belt within which the 
loess becomes thinner but of the region of thick loess. This feature 
is shown along the West Floyd and other valleys of west central 
Plymouth county. 
The Region with Loess of Medium Thickness 
Over eastern Plymouth, western Cherokee, most of Sioux and west-
ern Lyon counties the Kaqsan drift region is rolling and the loess has 
a moderate thickness of five to fifteen feet. The relief varies from 
place to place, in general becoming more even to the north and the 
east. The preloess topography was rolling with similar features and 
relief 'and the deposition of the ~oess had little effect upon the topog-
raphy. It is a loess-mantled topography. Roadside exposures of the 
,loess are numerous along graded roads, the loess being commonly 
thicker on the slopes than on the crests of the ridges: On the more 
level surfaces the loes's , is leached for one to three feet, but on the 
steeper slopes where erosion is active it is commonly calcareous to the 
surface. 
The Region of Thin Loess 
The loess continues to thin to the east and northeast, decreasing to 
a mantle of two to five feet. This condition exists over the eastern 
part of the Kansan drift region in central Cherokee, southwestern 
O 'Brien, eastern Sioux and eastern Lyon counties and over all of the 
Iowan drift region east to the Wisconsin boundary. Most of this 
region is quite even, and exposures ov'er the uplands are few and shal-
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low. The natural exposures, being on the lower slopes of the valleys, 
do not commonly show' the loess, which has been removed from such 
positions, and one must depend largely on artificial exposures on the 
level surfaces for data as'to its thickness. 
Within this region the loess is leached in its upper p'art and at many 
places for its entire thickness, where this is less than five feet. Where 
the loess is· thicker than four to five feet, the basal part is unleached. 
The underlying till is commonly unleached even where the loess is 
entirely leached. The contact of the loess and the till is commonly 
definite. 
In Clay, O'Brien, southwestern Dickinson, and southeastern Osceola 
counties the loess is only two to three feet thick and the 'surface is very: 
level. When it is less than 20 feet thick this mantle is commonly not 
definite loess but a loesslike clay which may contain sand ,grains and 
pebbles throughout. When traced from the southwest it is veryevi-
dent that this is the continuation of the loess mantle. 
The very definite and characteristic loess of the southwestern conn-
ties of our area has been recognized as loess from the earliest geologic 
work done in the region. This includes the area of thick loess and 
that with' a mantle of five to fifteen feet. The material which overlies 
the Iowan region and the eastern edge of the Kansan region north 
of Cherokee. county, and which is commonly leached for its entire thick.: 
ness, has not previously been definitely recognized as loess. It was 
called loesslike clay or loam by the writer thrQugh much of the prog-
ress of the field work, and its identity with the loess to the southwest 
was not demonstrated until the summer of 1916, when a series of 
east-west tracings were made across the entire loess-covered region 
with a very careful study of the changes in the loess along these lines. 
In the region of thicker loess the yellow calcareous, concretion-bear-
ing, fossiliferous loess is seen at many places. In the region of thin-
ner loess there are few exposures and these show the noncalcareous, 
brownish yellow pebbleless loesslike clay. But within the region of, 
positive loess there are some exposures in which the upper part of the 
loess is leached and certain level areas' where the leached loess is 
general, and in these places the leached loess is identical with the loess-
like clay (leached loess) farther northeast. Scores of exposures were 
studied by the writer as he passed back and forth from the region of 
thick loess to that of thin loess and in this way the identity of the loess 
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of the entire region was established. The loess like clay of the thinly 
veneered areas is identical in origin with the distinctive loess of more 
deeply covered areas. 
Pebbles Within and on the Surface of the Loess 
In the region of thin loess and to a large extent elsewhere a few 
pebbles 'may be found within the loess, especially in its basal ' part. 
Their dis~ribution is of two types: ( 1) Pebble bands bedded in the 
loess, and (2) occasional pebbles scattered through the loess. Those of 
the first class are restricted to the basal 12 to 18 inches of the deposit 
and are found where the loess overlies gravel in the valleys, or on the 
I_ower slopes of the hills where the loess accumulated on a topography 
of some relief. In the case of the occasional pebbles scattered through 
the loess they are found in large part where the entire thickness of the 
loess is not more than three 'feet. It was found that many of these peb-
bles , could be shown to occupy old burrows of animals, and in many 
cases where the burrow was not at first apparent a careful examination 
revealed it. Not every pebble found in the loess was proved to be in 
a burrow, but a large percentage of them was found to be so located and 
probably practically all have had such an origin. The burrows .go 
from three to five feet beneath the surface and at some places are 
'quite numerous. In some cases where the burrows passed through 
the loess into gravel below, the burrows appeared like tubes of pebbles 
in the loess. Where the loess is more than four feet thick few of the 
burrows go through the loess and there is no opportunity for obtaining 
the pebbles. 
In almost any part of the loess-covered area it is possible to find a 
few pebbles on the surface ~r in the loess soil. They may be found 
along the public roads and less frequently in the fields. Ca'reful search 
along the road enabled the writer to find one or more pebbles along 
practically every quarter of a mile of road where the search was made 
within the loess area. There are several ways by which tht:se pebbles 
may have come to their present location. Where the' loess is thin they 
may be brought up by burrowing animals from the .drift beneath the 
loess. Many of 'the peb~les along the roads have dropped from the 
loads of gravel being' hauled along these roads. The pebbles in the 
fields may come with manure hauled from barn lots, most of which 
have gravel in them. Others may have been carried from neighboring 
valleys in the mud attached to wheels, or to the feet of animals of his-
• 
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to ric or prehistoric times. It may be noted that during a search for 
pebbles, especially along the roads, one also finds nails, pieces of coal, 
cinders, iron, glass and crockery, bottle caps, bases of shot gun shells, 
etc. All these things have come to their present 'location by accident 
and were not derived from the loess beneath and likewise the few peb-
bles are believed to have come by accident' to their position on the sur-
face of the loess and not from within the loess. 
Over much of the loess-covered region the loess does not completely 
. ' 
cover the surface but exists where 'conditions were more favorable for 
accumulation or where . erosion has been slight. The mantle of loess 
completely conceals the till where the surface is level or only slightly 
rolling, but on steep slopes the till is commonly exposed because ero-
sion has removed the loess. The east and north slopes of hills have 
a thicker loe~s mantle than the opposite slopes or the crests of the hills, 
which is explained by the prevailing west and .southwest winds and by 
the greater accumulation of the loess in the lee of the hills. Till is ex-
posed at the crests or on the upper slopes of many hills which farther 
down the slopes have a compi'ete loess covering. Under these condi-
tions pebbles from the drift near the crest of the hill are washed down 
the slope onto the loess. Many examples of this condition were ob- , 
s~rvedj where in ascending a loess-covered slope occasional pebbles were 
found and at the top of the slope the drift is exposed. It is not possible 
inall cases to show that the loess rests on the till, but it is possible to 
do this at man.Y places. An example of this was found west of LeMars 
in Plymouth county west of West Floyd river on the south line of 
section 12, Washington township. Cuts in. the lower slope show six 
to eight feet of loess without exposing the till but occasional pebbles 
are found on the road and in the gutters. Toward the crest of the hill 
just west of the southwest corner of section 12 the loess thins out .and 
the till rises to the surface. 
Another excellent exposure showing the relation of the till and the 
loess was seen in a road cut about 50 yards north of the southwest cor-
ner' of the section 12 noted above. The cut extends north-south and 
is at the crest of a slope leading down to a valley to t~e north. At the 
crest of the hill the Kansan till rises five feet above the base of the 
cut and is overlain by six feet of brownish pebbly leached material 
(fi:gure 17). In either direction from the crest the upper contact of 
the Kansan dips steeply and passes below the road grade, and the 
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brownish leached zone thins to one foot and becomes an old soil. There 
is no true loess in the section at the c~est of the hill, but below the 
crest in either direction it is present above the leached material and it 
Ole/Soil j 
FIG. 17.-Sketch of a road cut exposure 50 'yards north of the southwest corner of section 12, 
Washington township, Plymouth c9ul'ty. The sketch shows the relation of the loess 
to the pebbly leached clay , at the top of a pre loess hill, and to an old soil on the 
slop~s of this hill. 
thickens notably down the slopes, especia11y on the north slope, where 
it attains a thickness of at least 10 ,feet. Pebbles may be found lying 
on the loess on the lower slopes of the hill and no doubt they were 
washed down from the leached pebbly material exposed at the crest of 
the hill. If this were a sha110w cut it would be like scores of others 
which were seen but in which the source of the pebbles was not so 
evident. 
The most indefini~e part of the loess mantle is commonly found near 
the crests of the hills where the mantle is thin. It cannot in a11 cases 
be so definitely related to the till as in the exposure just described, for 
if the cut is sha11ow, the relation of the till to the loess is not evident, 
and the till may appear to be above the loess which covers the slope 
lower down. In a11 cases, .however, where an adequate cut exists it is 
evident that the sandy, pebbly material passes below the loess. This 
material at the crests may be distinctly different from the loess, as 'in 
the cut described above, or it may differ- from the loess only in the 
presence of a few pebbles. In the former case it has been derived from 
the till, while in the latter c31se the bringing in of a few pebbles by bur-
rowing animals or other means would suffice to explain the difference. 
Data Concerning the Nature and Thickness of the Loess 
A great numb'er of exposures showing the loess were studied and a 
few of the better sections, most of· which are artificial exposures, will 
be recorded. They are described in order from east to west along cer-
tain lines extending from the Wisconsin boundary westward across 
the Iowan and Kansan regions. This arrangement is fo11owed in or-
der to bring out the changes in thickness and nature' of the loess along 
these lines. 
• 
• 
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From Wall Lake W est across Southern Sac and Ida Counties.-At the 
town or Wall Lake in southern Sac county, a basement excavation just 
north of the water tank showed the following: 
F EET 
2. Loess, leached; including the soil . .. . . .. .... . .. . . . . . .. . ..... . . . . . . 5 
1. Loess, unleached, with a few concretions and some fine sand in thin 
seams at the base . . .. .. . .. .. . .. ... . . . .. .. ... . .... . . . ... .. ..... ... 3 
Wall Lake is less than two miles from the Wisconsin boundary, yet this 
material is unquestionably loess. . 
At the town of Odebolt, in southwestern Sac county, a basement ex-
cavation in the southwest p~rt of town exposed the following: 
F EET 
3. Loess, leached, and soil . . . . .. .. .. . . .. . .. . . . . .... . . . .. . ... . .. ... . . 5 
2. Loess, unleached .... . .. .. . . . .. . .. .. ... . . .... . . . .. ....... . . . . : .... . 1 ~;'; 
1. Till, yellow ... .. ... . .... .. . . ... . . . . . ... .- .. .... . . . . '. . . . . • . . . . . . . .. 1 
,Another excavation one square farther south showed: 
F EET 
2. Loess, leache<,i, and soil ..... .... .. ... ................ .. .......... 4 
1. Till, yellow ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 
, A trench on the main street in the east part of town exposed: 
FEET 
2. Loess, leached .. . . . . . . .. .. .. .. . . , . ...... .. . .. ... ,.t . . .. : . . .. . .. . . . 3 
1. Sand, yellow, with pebbles .... : . . ... .. . . . .. : . . . . .... ..... ..... . . .. 6 
The trench exposure was open for 150 feet and showed no changes 
laterally. 
These exposures at Odebolt are just within the boundary of the Iowan 
drift region and the till beneath the loess may be Iowan till but it is not 
possible to differentiate it from the .Kansan tiil. 
Five and a half miles south of Odebolt, near the quarter-corner on the 
west of section 26, Wheeler township, a gravel pit in Porter creek valley 
showed the following: 
FEET 
3. Loess, leached ..... . .. . . . ...... . . '.' . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. 5 
2. Sand with seams of loesslike clay.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 
1. Gravel, fresh, clean .... .. . . .. .. . . . . . . .. .. . ... . . . . . . . ..... . . . .. .. 14 
In another part of the exposure the loess is seven feet thick and is leached 
to · a depth of only two feet. This is typical calcareous loess, containing 
concretions and a few small snail shells. This exposure is five miles beyond 
. ' 
the Iowan boundary, out in the rugged Kansan region, but the loess ma-
terial is the same as that at Odebolt and Wall Lake. The valley in which 
these gravels are located continues southward to Boyer river at Boyer, in 
Crawford county, and in its' lower course gravel material overlain by fossil-
bearing, calcareous loess is exposed in several railway and other cuts. 
At Arthur, in eastern Ida county, a basement excavation in the north . 
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part of town showed 40 feet of leached loess to the base of the opening. 
Arthur is three miles beyond the Iowan boundary in the region ,of un-
questioned Kansan drift and loess. yet this leached loess is identical with-
that found farther east at Odebolt and Wall Lake. The loess thickens to 
the west across southern Ida and Woodbury counties and is exposed in 
many road cuts. In many of the exposures on the slopes where erosion 
is active the unleached concretion-bearing loess comes to the surfa,ce. 
From Early W est across Northern Sac and Ida Counties.-At Early 
in west-central Sac county an excavation at the schoolhouse in the north-
west part of to:wn showed the following: 
F EET 
2. Loess, leached . . . ... . . . ......... ... . . ... . . ... .. ... , . ..... ; . ... ... 3 
1. Till, unleache~, yellow . . . ,... . . . ....... .. .... . ...... . ... . .. .. .. . . 4 
Early is less than two miles from the \Visconsin boundary, and exposures 
along the road leading north from Early show that the leached loess, about 
three feet thick, continues to the edge of the Wisconsin drift. 
About five miles northwest of Early a railway cut at the southwest 
corner of section 28, Eden township, showed the following : " 
FEET 
3. Loess, leached · . . ....... .. . . .. . .. . ... .. ............. . .. : . . . . . . . .. 3~ 
2. Loess, unle,ached . ... .. . ... .. ... .. . . • . .. . . ... . . .. ..... . .. . . . ... . . ~ 
1. Till, yellow-brown, with concretions ; apparently Kansan . ... '. . . . . .. 6 
At Schaller in northwestern Sac county the following section was meas-
ured: 
FEET 
4. Loess, leached ; including the soil . ... . . .. . .. ... .. . ....... . .. . ... . 3~ 
3. Loess, unleached .... .......... .. . .. .... . . . ...... . . . ..... . ..... . . ~ 
2. Sand ... . ... . . ... . .. . . .. . . . ..... . . . .. . . . .... . . . .. . .. ... . ... ... . ~ 
1. Till, unleached, yellow~brown . : . . . . : .. .... . . ... .. . .. .. .......... . . 2 
At Galva in northeastern Ida county a trench in the road in the south 
part of town showed the following: . . 
FEET 
4. Loess, leached ... . .. . .. . . . . . .. . . .. .. ... ,. .. .. ... . ... . . . . . . . . .. .. . 6 
3. Loess, unleached . . . .... . . .. .. . ..... ... ....... .. ... . . .. ...... . .. .. ! 
2. Sand with cobbles . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
1. Till, unleached, yellow .. . .. . . . .. . . . . . ... . ..... .. . . .. .. . .. .. . .. ... 1 
Another exposure in the east part of town showed leached loess to the' 
bottom of a trench four feet deep. 
These exposures at Early, Schaller and Galva are within the Iowan drift 
region and , show the loess with thicknesses ranging from three to seVelt 
feet resting upon till which should be 'Iowan, but which could not be 
positively differentiated from Kansan in any of the exposures. 
West of the Maple valley at Galva is the unquestioned loess region and 
the unleached loess is exposed in many road cuts. N ear the northwest 
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corner o~ section 27, Galva township, on the west slope of the Maple river 
valley, a highway cut exposed, in 1927, the following section. 
FEET 
6. Loess, buff, leached } ...... ... . . .. .. .. .... .. ... . .. ... . '. . . . . .. 3 
5. Loess, buff! unleached P eorian .",.............................. 10 
4. Loess, gray, unleached . '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3. Loesslike material, brown, leached. Loveland..................... 2 
2. Till, leached. Kansan.................... . ...... . ...... . ... ..... 3 
1. Till, unleached. Kansan.... ..... . . ..... ... .... .. ..... . .... . .. .. .. 4 
This is a very interesting exposure in that it shows a leached zone at 
the top of the Kansan, and the overlying leached, loess like material, 
interpreted as Loveland, below the unleached base of, the Peorian loess. 
Exposures of this type are more usual in the, typical Kansan region of 
western Iowa farther south, but this is the most northern known exposure 
of this type in northwestern Iowa. 
At Holstein in north-centr.al Ida county a trench exposure on the street 
showed the following: 
FEET 
4. Loess, leached, including black soil .......................... . .. .. 4~ 
J. Loess, unleached, yellow-brown, mottled, with a few concretions .... 4~ 
2. Seam of sand.... .• . . .. ...... . .. . .... ......... . .. ... . ........... ~ 
1. Till, unleached, yellow., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 
The divide cut on the railway one mile east of Holstein exposed the follow-
ing: 
FEET 
3. Loess, leached ..... . .... .... ...... .. . ... . .. . ..... .. ............ .. 4 
2. LQess, unleached ....... ....... . .... .... .... ... . ....... .. .... . .... 2 
1. Till, yellow, with concretions .... . .. .. . . .... . ......... . .... ... .... 3 
This series of exposures from Early through Schaller and Galva to 
Holstein extends from the Wisconsin boundary across the Iowan area into 
the unquestioned loess-covered Kansan. The loess is thicker to the west, 
and with this increased thickness the unleached zone appears, but the 
leached loess is the same at all places. Within a short distance west of 
Holstein the country is rugged and loess exposures are common in the 
road cuts, The · loess thickens to the west across Woodbury county , to 
Sioux' City, where loess .exposures 30 to SO feet deep may be seen. 
From Storm Lake across Buena Vista, Cherokee and Plymouth Coun-
ties.-At Storm Lake a basement excavation on the main street showed 
the following: 
. FEET 
4. Soil . . . .. . .. ... . .... .... . .. .. . .... .. ........ . .. ..... ... . . . ... . . .. 2 ' 
3. Loess, leached .............. . .................................... 2 
2. Loess, unleached .............................. ... ... .. ........... 1 
1. Till, yellow, unleached ... . . ... . . . ...... . . . ...... .. . .. ...... .. .. . .. . 2 
This exposure is within one mile of the Wisconsin boundary and in other 
exposures in the east part of town the loess 'may be found to, ,and possibly 
beneath, the Wisconsin drift. 
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At Alta excavations along the railway just west of the station and in the 
divide cut in the west part of town showed three feet of leached loess with 
soil overlying unleached grayish yellow till with some concretions. This is 
at the crest of the great divide. The till exposed here and at Storm Lake 
is the light yellow till phase that is interpreted as Iowan; 
. In southwestern Buena Vista county, in the southwest quarter of section 
21, Maple River township, a well boring passed through five feet of loess, 
and at th~ time of the writer's visit the well had been sunk to a depth of 
50 feet, all in yellow till. This is an exceptional thickness for the oxidized 
zone of the till. This locality is within the Iowan drift region, but most of 
this thickness probably is Kansan till. 
Just . east of the Little Sioux east of Cherokee along the south line of 
sections 25 and 30 there are a number of 'cuts which exposed four to six 
f~et of loess, and in at least two cases about a foot of unleached loess con-
taining concretions was shown beneath the leached material. The first cut 
east of the southwest corner of section 30, .Afton township, showed at the 
center till overlain by two to three feet of dark loesslike clay which contains 
some pebbles. . In either direction down the slope this material becomes 
thicker and grades into typical loess without pebbles. An exposure on the 
south side of the road east of a ravine on the north line of the northeast 
quarter of section 36, Cherokee township, showed a mantle of about three 
feet of leached loess resting directly on the unleached till. At the contact 
are several gravel masses partly inclosed in the till and overlain by the loess. 
These are included gravel masses in the till which were exposed at the 
surface at the time the mantle of loess was deposited . . 
At Cherokee, at the new hospital in the north part of town, about 50 
yards northwest of the building, a trench showed the following: 
FEET 
4. Soil .. . . . .. . ...... . .. . . .. . . .......... . ....... . ...... . .......... 2 
3. Loess, leached .. . .... : ... . ............................. . ........ 2~ 
2. Loess, unleached, with a few concretions and containing thin layers 
of fine sand at base . .... .. ............. . .. . .. . .. . . . ... . .. .. . . .... 1 
. 1. Sand with pebbles .. . ... .. ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 
This exposure is on the high gravel be~ch of the Little Sioux valley, 
about 125 feet above the river. The position of the loess over the sand 
and gravel of the bench area shows that the gravel deposit of the high 
benches' is older than the loess. . A cut on Spruce street in the nortp .part 
of town just east of Second street shows thre~ feet of loesslike material 
overlying the gravel. The upper two ,feet of the zone is leached. 
In 1916 a road in the northeast part of section 28, Cherokee township, 
had been recently graded and showed a number of good sections. The first 
cut north of the Cherokee water tank showed the following: 
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FEET 
4, Loess, leached ; including the soil "" "" . . . ... : . . ..... . . .. . . .. . .. 4 
3. Loess, unleached .... . ..... . . . ... . .. . .... . .. . . . . . . . . .. . ... .. .. . . . 2 
2. Sand and pebble layer ...... ... . .. ..... ... . . . .. .. ... , .. ... .. . . ... ~ 
1. Till, yellow-brown, with concretions. Kansan . . .. .. ' . .. ... ..... . . . , 2 
The third cut north of the water tank, at a bend of ,the road, showed the 
following: 
FEET 
5. Loess, leached ; including the soil .. ...... ..... . .. . .. .... .. ........ . 4Yo 
4. Loess, unleached .................. .. .. .. ...... ........ .. ........ 1 Yo 
3. Loess, sandy .. .. .......... .. .. .. .... .. .. .... .. .. .. .. .. ...... ... 1 Yo 
2. Pebble and sand layer . ...... . .... .. .' . . .. . ... . . .... .. ........ .. .. Yo 
1. Till, yellow, with included gravel masses. Kat~san .. .. .. .. . ... . .... 2 
In the loess zone of this exposure a section of a small elephant tusk about 
six inches long was found. Other cuts northwest to the viaduct 3;cross the 
spur of the railway show similar exposures. The first road cut east of 
this viaduct showed : " ' 
F EET 
3. Loess, leached " .......... : ... .. ...... . .... J • • .' • • • • • • • • • • • • .. • . .. 6 
2. Loess, unleached . .. . .. ........ .. .. ... . .. . .. ... . .. . .. ... . .. ....... 2 
1. Sandy material, fine-grained, clayey · ... . .. .. . .. . . .. . . . . .. '.' . . .. .. .. 2 
A railway spur in the southeast quarter of section 21 and the north part 
of section 28, on the grounds of the Cherokee State Asylum, showed in 
1916 some newly made cuts. At the edge of the creek valley in the south-
east quarter of section 21 the cuts showed 30 feet of typical brownish 
yellow Kansan till with large included sand and gnivel masses. A thin 
.zone of leached loess was exposed at the top of the cut. 
The largest cut along this spur is at and just south of the north line of 
section 28. The Kansan till rises 15 to 20 feet in the cut and has included 
in it as lenses much material that is not typical Kansan . . Just south of the 
section line there are several masses of Nebraskan , till included in the 
Kansan. One of these, an elongate lens, is more than 50 yards long and six 
to eight feet thick and is somewhat mixed with yellow Kansan till. Another 
smaller mass consists of leached Nebraskan till. The upper contact of the 
till in this cut shows some small relief features not expressed in the present 
topography; that is, certain small irregularities in the till surface were 
filled in and obliterated by the sand and loess. 
At one place in this cut a section exposed by cleaning a strip down the 
face of the cut was as follows ': 
FEET 
9. Loess, leached ; including the soil ........ . .. ... ... . . .. ........ . . . . 6 
8. Loess, unleached .. . . ... .. . . ... . . . . .. . ... . . . . . . . . . . . . . . . . . . . . . . . . 2 
7. Loess and fine sand in alternating layers . . . : ... .. . . . .. .. ....... . . . 4 
6. Pebble layer .. . .. ... .. . .... . ...... . : . . :.. . .. . . . . . . . . . . . . . . . . . . . . ~ 
5. Till, unleached, yellow, with concretions .. .. . . . ...... . . . . ... : . . .. . 3 
4. Till, unleached, blue-gray, pebbly, with a few concretions ..... ...... 2 
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3. Clay, no~ca1carous; dark brown, 'pebbleless . .. .. ... .... : ........ . .. 3Y. ' 
2. Till, blue-gray, simtlar to No. 4 ... . .. : . .. . ... ... ... . .. .. . . .. . . '" 2Y. 
1. Till, yellow. Kansan .. .. . .. .... . .. . ' . ...... . .. . ... ..... . . . ... .... 2;~ 
• t ' 
All the material belpw the pebble layer (No.6) probably is Kansan drift, 
numbers 4, 3 and 2, ' which are not typical Kansan, being interpreted as 
included material. It appears that the noricalcareous brown clay (No.3) 
is material gathered up from some surface by the Kansan ice sheet. The 
marginal parts of this included mass became mixed with the Kansan till, 
forming horizons 4 and 2 above and belo~ it. The exposure was so badly 
slumped that it was not possible to determine the lateral extent of zone 3, 
but it is not present generally throughout the· cut. 
An alternative interpretation for the foregoing exposure is to extend 
the Iowan west of Mill creek and Little Sioux river and make zones 5 and 
4. Iowan till. Zone 3, the brown noncalcare~us, pebbleless clay, would then 
be the leached Loveland loess resting on Kansan till. An exposure along 
the highway in the northeast part of section 28 also showed some dark 
leached clay, but its relation to the till could not be determined. However, 
if ,the Iowan is extended west of Little Sioux river at Cherokee, one cannot 
see' why it should not extend on west across western Cherokee and Plym-
outh counties. It,seems better to interpret the noncalcareous material as an 
inclusion: 
Near the south end of this large cut, where the till had passed below the 
grade, the following section was measured. 
FEET 
3; Loess, leached ; including the soil ....... .. ... . . . ..... . . . ... ",... . .. 6 
2. Loess, unleached .... . .. . ...... ' . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 
1. Loess and fine sand in alternating layers . .. '.' . . . . . . . . . . . . . . . . . . . . . . 4 
A small cut at the level 9f the upl~nd just northwest of the , buildings 
showed: 
FEET 
3. Loess, leached; with soil .. . ... : . .. . .. . . . .. ... .. " . ... ': .. .. . .. . . ... 4Y. 
2. Loess, unleached- .. . . .. .. ...... . .. . .. . ....... .. : . . . . . . . . . . . . . . . .. 1 
1. Till. Kansan .. ... . . . ... . . ... ... .. . . . . . ' . . .. .. . . . . .. . , ... ' .... . ... 2 
This illustrates the usual thinning of the loess on the hilltops as compared 
with the east or north slopes. 
AbOut a mile southwest of Cherokee, in the north part of the southeast 
quarter of section 33, on the north slope of a ravine valley, are some 
abandoned day pits which show the following section. 
FEET 
4. Loess, leached; including the soil . . . ... .. . .. . . . ... .. .. .. ...... .... 5 
3. Loess, unleached, containing a few concretions . ....... . ' . .. . .. . . . ... 15 
2. Loess, sandy, silty, with a few layers of fine sand .. . ... ... .... ..... 5 
1. Slumped to bottom of pit .... .. .. . . .. .. .... ... . . . .. . .. .... . . .. . . . 10 
The material in the lower part ~f the exposure (No.2) has a faint hori-
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zontal banding and may be partly water laid. It grades upward into the 
more typical loess, which here has an exceptional thickness for this region. 
Thl'! u~l~ach~d loe~~ (No.3) is filled with the ,brown threadlike roOtlet 
ihtpressions wp'ich-ar~ ddracteristic of the loess. Th'e top zone of leached' 
l~~s~ is the same as tli£t which is found in most road cuts. It 'is l>elieved~ 
that nudtber 2 ~lid p04ibly part o~ all of number 3 represent the Loveland': 
her~ dii-ec~ly overlain' by the Peorian. loess. This deposit was formerly! 
used 'for the manufacture of brick and tile. r 
Western Cherokee and eastern Plymouth counties have a loess mantle 
0'£ sufficient thickness to conceal the till on all but the steeper slopes. . The: 
shallow road cuts show dark soil passjng into the leached loesslike clay r . 
below. Some cuts of four feet or more in the loess show the unleached 
phase. An expos~re just south of the northwe'st corner of section 29,. 
She~idan township, Cherokee county, showed the usual horizons. 
FEET 
4. Loess, leached ........... . ....... .... ............ . .. .... ... . .... .. 3% 
." 3. Loess, . unleached ... ..... . .. . ...... '. . . . . . . . . . . . . . . . . . . . . . . . . . . .... 2 /.. 
. 2. Sand, fine, yellow .. .. .............. . .. . ... .......... ...... . . .... 1~2 
Jot 1. Till, yellow. Kattsa''l ........ . .... . .. . .. .... . ............. ... . .. . 1 
. ' On the west ~ide of the West Fork ~f Little Sioux river in the south part 
of section 23, Amherst township, a gravel pit showed the following sec-
tio!)" . which includes the horizons commonly existing along the valleys. 
FEET 
S. Loess, leached .... ........ . .. .. ........ . ............ : ...... .. .... 3 
4. Loess, unleached, with pebbles in basal 6 inches .. ... .. . .. ....... . . . 1 
3. Sand with pebbles and becoming more oIayey above . .... . .... .... .. 4 
2. Gravel, medium-grained, with .a few cobbles ....................... 5 
1. Till, fresh, yellow. Ka1l-Sa1l .... . ...... ... ... .. .. . ... .... .... ..... . 2 
Similar conditions continue for several miles west of LeMars, but· 
within the more rugged country the loess is thicker and the unleached · 
concretion-bearing phase is at the ,surface. 
About 40 rods south of the northwest corner of section 32 of Henry 
~ownship, Plymouth county, the following section was. e~posed. 
FEET ' 
2. Loess, buff, calcareous. Peorian . . ........... . ......... . ......... 8 
Contains many calcareous concretions and has some fine-grained sand 
in basal part. . 
1. Loess, brown'ish gray, leached. Loveland..... .............. .. .. ... 3~~ 
Contains some calcareous concretions, apparently of material carried 
in from above. . 
Another cut near by showed Kansan till beneath the brownish gray loess. 
O'Brien and Sioux Counties.-At Sutherland, in southeastern O'Brien 
county, at the southwest corner of town, a post. auget: hole was bored 
through soil and leached loess to a depth of thre'e ' feet and eight inches 
without reacping \he . basy of the loess. In the east part ' of . town' are ' 
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several pits in the gravel deposit along the 'headwaters of Murry creek that 
show 30 feet of leached loess overlying the gravel. 
Road cuts in northern Cherokee and O'Brien counties commonly show 
the black soil, which at a d~pth of 12 to 18 inches grades into 'the yellow 
leached loess, 'If t~e c::xposure is over three feet deep the unleached yellow 
till is commonly ~ho~n. ,A good series of road cl;1ts was exposed along the 
township line road ' lead~ng south from Primghar. 'One of these road cut~ 
'in the southwestqualt~~ ,6£ section 7, :aighland township, showed 30 feet 
:of leached loess', bverlying unleached till of the Iowan type. A road cut 
passing beneath the railway on the east line of section 12, Union township, 
showed five feet ',of leached loess over 12 feet of ' ligh~ yellow calcareous 
till which apparently is Iowan. An exposure near the southwest corner 
ef section 8, Liber;ty township, showed from above downward: (1) Leached 
'loess, 30 feet; (2) 'unleached gray gravel, 8 feet; (3) yellow Iowan till. 
, About half a 'mile north of the Sheldon railway station in a cut on the 
Chicago, St. P;:tul, Minneapolis and Omaha railway, the following section 
was measured. 
• FEET 
4, Soil." , ... .. .. : ... ........ ... ... . .. .. .. . : . : . :: . .. . ...... . ... . , .. 2 
3. Loess, leached . ............. .. .. . .. .. ... , .. , .. . .. . .... .. .. . ..... 1 ~ 
2. Loess, unleached ' .. . . ......... .... .. .... . , . . .......... '. . . . . . . . . .. Z% ' 
I 1. Till with ca1car~o~s. concretions .. .. ... ....... . . ... : ... . ... . . ...... 1 
Farther north near the crossing of Floyd river, abandoned gravd pits show 
a zone of leached loess three to five feet thick overlying the gravel. All 
these exposures of O'Brien county are in the Iowan region. . 
In Sioux county, Sheridan township, at the southwest corner of section 
_~9, an excavation for, a storm cave in the schoolhouse yard showed eight 
feet of loess, the larger .part of which is leached. Below the loess is a thin 
layer of sand and pebbles and then the unlea~hed Kansan till. Two miles 
north, at the southeast corner of section 18, in the schoolhouse yard, ma-
terial thrown from an excavation for a storm cave showed that the loess 
has a similar depth, for the till was not reached. At the northeast corner 
iof section 32, Lincbi~ to~nsnip.~ ,an excavation for a cistern showed 10 
feet o'f loess without reaching its' base. Careful search on the walls of the 
cistern and of the mp.terial thrown out did not show a single pebble. 
, Farther west in Sioux county, loess ex~sures are numerous but com-
monly show only the leached loess, except in the more rugged region near 
iBig Sioux river, where unleached concretion-bearing loess is found. 
Clay and DickinsonCounties.-In Clay c6unty, Douglas township, near 
the quarter-corner' on the south of section 25, an open trench showed the 
following: 
.' 
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FEET 
4. Soil .. . ... .. .. . ....... .. ... . .. . .. . . .. .. . .. .. ...... .. .. .... . .. . .. 1 
3. Loess, leached . . . .. . . .... ... .... ... ..... . .. .... ..... ... . . ..... .. 1 
2. Loess, ~nleached, with a few concretions ......... .. . ............ . ~ 
1. Till, yellow, with a few concretions . ' ,' ...... . .. . .... .. .... . ....... 2 
;this exposure is 'just half a mile west of the nQrth-south center line of 
Clay county and within fo'Ur miles of the Wisconsin boundary across the 
Little Sioux valley, but the loess horizon, although thin, is sufficiently well 
developed to be definitely recognized. To the north in central Clay county, 
towards Spencer, the loess horizon is thinner and. in some places, where it 
is less than two feet thick, it is not a definite loess zone. It forms, how-
ever, a thin mantle of dark to yellow clay commonly' concealing. the till 
and when it is traced from the counties to the west it is seen to be very 
I 
definitely' the equivalent of the loess. This is the condition over northern 
Clay and southwestern Dickinson counties outside the Wisconsin boundary. 
Osceola and Lyon Counties.-In southeastern Osceola county, Ha rison 
township, on the south line of the southwest quarter ofsectiqn 2, a post 
auger hole gave the following section. 
FEET 
3. Soil ............... . .............. .. : ............ .. ..... .... . ' .. 1~~ 
2. Loess, leached . .. ......... . ....... .. ....... ..... .. . . ..... .. : . . .. 2, 
1. Till, yellow ...................................... . ............. . 
On the west line of section 3, Harrison township, an open trench showed 
the following: 
FEET 
3. Soil . .......... .. . .... . .. . . ... .. . .... .. ..... .. ...... ... ..... ... 1 
2. Loess, unleached, with concretions and iron tubules ..... ..... ..... , 1~ 
1. Till, yellow .. .. ........ . .. ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 
On the north line of the northwest quarter of section 28, Ocheyedan town-
ship, apQst auger hole gave the following section. 
FEET 
3. Soil . ' ..... .. ........... . . . ; .... . . ... . ......... .. ... . . . ... . ... ... 1~ 
2. Loess, unleached, with concretioris .............. .. ......... . ..... _ 1~ 
1. Pebble zone .. . .......... ... .. . . . .............................. . 
All three of these sections are within one mile of the Wisconsin drift 
boundary and yet they show the loess horizon. 
Road cut exposures in southern Osceola county comm.only show the 
leached loess, which has a thickness of 2Yz feet and rests directly on the 
unleached till. I 
At Sibley, a. trench just east of the intersection of the main streets 
showed the following section: 
• FEET 
4. Fill, chiefly of black soil . ,. .. . . . . ................ . ............ .. 2 
3. Soil, dark, peaty, passing into leached loess ... .. . .. . . ... . .. ...... . 2~ 
2. Loess, unleached, with concretions and dark rootlike threads through 
it ............... . ..... .. ...... .. . ........ ..... ... .. ; . . . ........ 1 
1. Till, brownish yellow .. . . ...... . . .... .. .. . .... .. . ... .. . .. .. . .... 1 
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This trench was open from the intersection of the mairi streets south for 
two blocks to the Rock Island railway and the loess was essentially the 
same all the way. At the first street crossing (near Windsor Hotel) graveL 
appeared below the loess and thickened to the south . until the till dropped 
below the bottom of the trench. The gravel was said to be five feet thick 
near the railway. An open trench east of the park in the northeast part of 
town showed similar relations of the loess, till and gravel (figure 18, page 
143), and the gravel of the pits in the east part of Sibley is overlain by 
three to four feet of leached loess. 
At Little Rock, in northeastern Lyon county, a cellar excavation in the 
west part of town showed the following·: 
FEET 
4. Soil, passing to yellow clay at base . . . ..... . ........ .. .. ... . . ..... 1 v,' 
3. Loess, leached ........... . .. ..... ......... . ..... . .... . .. ..... .. . " 1 
2. Pebble band ........... ..... . .. . ......... . .. .. ..... . ............. ;4 
1. Till, unleached, yellow, with small calcareous concretions near the top 6 
Other exposures in the ~egion show 20 to 3 feet of leached loess, as 
near the southeast corner of section 35, at the northeast corner of section 
22, and near the southeast corner of section 18, all in Elgin township. All . 
of these exposures noted in Osceola and Lyon counties are in the Iowan 
drift region. Farther west, in Lyon county, on the Kansan region, the 
leached loess may be seen in many exposures, and in the more rolling 
country near the Big Sioux the unleached loess with concretions is com-
monly exposed. ' 
Southern Nobles County, Minnesota.~The · study of the loesslike clay 
was continued about 10 miles north of the state line to Adri(,l.n in Nobles 
county, Minnesota. At the southwest corner of section 28, Ransom town-
ship, less than two miles from the Wisconsin drift boundary, a post auger 
hole exposed 20 feet of soil and loessljke clay overlying yellow till with 
calcareous concretions. 
At the quarter-corner on the :east line of section 19, Little Rock town-
ship, a pOst hole showed the following section. 
FEET 
4. Soil, passing to leached loess ·below ..................... ... ....... IV, 
3. Gay, loesslike, slightly sandy and with a few concretions in lower 
6 inches ... ... .. .......... ... . . . .... ............................. 1 
2. Sandy pebbly zone ...... • ..... ... . . . . ................ . .... .... . . V, 
1. Till, yellow-brown, unleached, with small calcareous concretions . . .. 
At the quarter-corner on the east of section 12, Grand Prairie township, 
a p.ost hole showed the following: 
FEET 
3. Soil and leached loess . . .......... : ... . .•........ . ... . ........... 2V, 
2. Pebbly band .. .. . ' ........ ; ... . ' .' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V, 
1. Till, yellow ........ . . .......... ...... .. ........ ... ..... . ......... . 
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Three miles south of Adrian at the southeast corner of West Side town-
ship, a post hole showed the following: 
, FEET 
3. Soil, becoming yellow at base ... . .. . ...... .. . ...... . .... ... ...... 2 
2. Loess, unleached, slightly sandy .................. . ~ .. .. .. ... .. .. . 2 
1. Till, yellow-brown . ........ . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 
The last three records are locatec;l along the crest of the ridge running 
,south from Adrian whiCh Wilder interpreted as the Altamont moraine42 
and are within the area mapped by Leverett and Sardeson as Wisconsin 
outside the , prominent moniine.48 . 
The l~ss mantle in the Adrian region is thin, as the area is far to the 
northeast of th~ region of thick'loess and so is similar to Clay and southern 
Dickinson counties farther south. ,The exposures east of Adrian are not 
of the typical leached loess, but sand grains exist more or less through-
out the whole of it. It is, however, the equivalent of the loess mantle. 
ORIGIN AND AGE OF THE LOESS 
That loess is of eolian origin has become firmly established.44 The 
chief source of the loess material of our region was the valley fiats of 
the great rivers forming the west line of the state; espeCially Misgouri 
river, and because the prev~i1ing winds of the region are ' fr~m the west, 
the thickness deposited and the extellt of the mantle are greater to the 
east than to the west of the valleys. The greatest thickness was depos~ 
ited near the Missouri and Big Sioux river valleys in western Woodbury 
and Plyt1lOUih counties, where thicknesses of 30 to 50 feet exist, pro-
ducing the distinctive loess-formed topography of that region. With 
increasing distance to the east and northeast the thickness of loess de~ 
posited decreased. It was 10 to 20 feet over Woodbury, Ida, south-
western Sac and western Plymouth counties; it ' was five to ten feet 
over western Cherokee, eastern Plymouth, Sioux and Lyon counties; it 
was three to six feet in northwestern Sac, eastern Cherokee, western 
Buena Vista, O'Brien and western Osceola counties; and it decreased 
to one to three feet in Clay and southwestern Dickinson counties. It 
covered all the Kansan drift region and all the Iowan drift region now 
exposed eastward to the Wisconsin boundary, although in Clay coun-
ty it was very thin. ., 
At the south end of the Iowan area 'm southwestetn "Sac countv·the 
, . . 
42 Iowa Geol. Survey, Vol. X. pp. 132·135, 1900. 
48 Minnesota Geel. Survey, Bull. 14, p. 51 and map in pocket. .' 
44 A bibliography on loess is given in Iowa Geol. Survey, Vol. XXII, pp. 582·592. Professor 
Shimek discusses the matter brieRy, from the 'standpoint of the evidence of western Io~a, in 
Vol. XX, pp: 399·405, and lists in a footnote on page 399 some of his more important papers on 
the subiect. 
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tHickhess ' of t4e loess decreases abruptly at the ~owan boundary from 
10 to 20 feet on the, Kansan region to the south to three to fi~e ·.£eet. a}11 
the Iowan. ThiS; suggest;; that the Iowan region was prote~ted in. ~ome! ,-
wa,y, possibly by th~ 'pre ence of the ice, or that cqnd,itions were plOre 
ffl;vorable for ~c<;!ltntt1at'9n an the Kansan regiqn, . This ' ~brupt thin-
ning of the loess at the boundary is similar to the condition which 'ex-
ists around the southern' border of the Iowan area of northeastern ' 
Iowa. Farther northward, where the thick loess does not approach. the 
Iowan boundary, the thinner loess mantle passes across this boundary 
without any perceptible change. . 
Little evidence exists in northwestern Iowa as to the exact age of 
-the loess. This is due to the questions as to the exact agt; of the drift 
sheets of the region. Just south of our region in Crawford and Car-
roll counties the Missouri river loess mantles a mature erosional to-
pography which was developed from the Kansan gumbotil plain. It 
is, therefore, later than the erosion of the Kansan gumbotil plain. This 
loess mantle of Crawford and Carroll counties is without doubt the 
one th~t continues o'ver all of northwestern Iowa to the Wisconsin drift 
·boundary. The· loess terminates on the east at the Wisconsin boun-
dary, and in Carroll .county to the' south there are exposures showing 
the Wisconsin drift on top of the loess.45 The loess is, therefore, pre-
Wisconsin. ' 
It is generally agreed that the great loess deposit of the Missouri 
river region is of the same age as the great loess deposit of eastern 
Iowa, which is placed in the Peorian interglacial age and seems to have 
followed closely the Iowan ice age. If this correlation of the great 
loess deposits of western and eastern Iowa is correct, then it follows 
.thai. the loess of northwestern Iowa east to the Wisconsin boundary 
is Peorian in age . 
. The'significance of the determination recorded above, that th~ eq~iv­
alent of the Missouri river loess continues unbroken to the Wisconsin 
boundary, is that it makes the "intermediate" region pre-Missouri-river 
loess in age and, by the correlation noted above, pre-Peorian in age. 
Since the loess of this region rests directly upon a fresh, unleached till, 
it would seem to follow that this till is Iowan; that is, that the "inter-
mediate" region is an Iowan drift region in nor~hwestern Iowa, simi-
lar to the Iowan region in northeastern Iowa. However, this cotrela-
46 Iowa Geo!. Survey, Vo!' IX, pp. 89·92, 1899. 
l 
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tion of the till of the "intermediate" region with the Iowan, on the basis 
of .the freshness of . the till beneath the loess, is not very strong, since 
the till of all of northwestern Iowa over the Kansan region as well is 
fresh, unleached till, and it has not been possible in most -cases to dif-
ferentiate a till distinct from the Kansan in the "intermediate" region. 
I 
I 
I 
I 
, 
I, 
I 
I 
CHAPTER V 
THE VALLEY .GRAVELS 
Gravel deposits exist along many of the ,stream courses of north-
western Iowa. ' They are found along the larger rivers, along the 
medium-sized streams, along the small creeks even nearly to their heads 
on the uplands, and they fill in certain broad areas on the headwaters 
of some of the streams. As a rule the present stream channels are 
~ut into the gravel fillings , while the parts which remain form terraces 
which differ greatly in height, some of them being as much as 100 
feet above the streams. 
The valley gravels are present in both the Iowan and the Kansan 
drift regions. In both regions they lie upon unleached yellow till and 
are overlain by loesslike clay which has been shown to be the continua-
tion of' the Missouri river loess. There are also gravels within the 
valleys of the Wisconsin drift region, but these gravels are not dis-
cussed here. Several of the larger rivers of northwestern Iowa head 
northeastward within or along the Wisconsin drift margin and there-
fore must have carried drainage from the \Visconsin ice. This is true 
of Big Sioux, Rock, Little Sioux and Boyer rivers. The drainage 
basins of Floyd and Maple rivers, however, . are entirely beyond the 
margin of the Wisconsin ice. Also many of the tributaries of those 
stream valleys which carried Wisconsin drainage are entirely beyond 
the margin of the Wisc~'n~in ice. 
Most of the valley gravels appear to have originated within the 
Iowan drift region apparently as outwash from the Iowan ice sheet. 
, This material was gathered into the valleys of the Iowan area and some 
of it , was deposited there. Som~ of it was carried on southwest down 
the valleys into the Kansan region and deposited. This will account 
for most of the valley gravels of the Kansan region, but not for all 
of them. The gravels ot certain valleys of the Kansan region could 
not possibly have come from the Iowan ice sheet as here interpreted 
and mapped. In fact, it would probably be necessary to ext~nd the 
Iowan over all of northwe~tern Iowa, at least as far sotJth as Crawford 
and Carroll counties, to make ~uch an origin possible for all the grav.-
els. These gravels must, therefore, have originated in the Kansan 
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region. It'is not possible ,to distinguish the gravels of Iowan age 
. from those that originated in the Kansan region so alike are they in 
their general characteristics. Further, in both regions they rest on 
unleached till and are overlain by loess. 
, 
• NATURE OF THE GRAVELS , 
The material is mostly coarse sand and fine gravel, and the extremes 
in either direction, coarse gravel or silty sand, are rare. The mate-
bal 'is horizontally bedded, but not well assorted and the layers in 
inost\ases ' are ' lO to 12 inches thick rather than thin beds. Some 9f 
the layers are cross-bedded, with lens and basin sfructures. Ano~her 
~o~rrion : condition, ,especially along small valleys, is thick layers. of 
sand with small pebbles up to one or two inches in diameter scattered 
through it. , 
r T~~ rriatetial is distinctly fresh artll commonly is without the least 
mdkation of iton-rusting- or, other alteration. Much of 'the sand, 70 
'to 80 , pe,r 'cent of the whole, is 'qu:artz. ' A:mol1g the pebbles there are 
ininy kinds of rocks, but gr~1'4itPe~ton~ pebples are most abundant 
and ,give 'to' .the whol~ depbsif a light color. ' The average of eighty-
~ight '~nalys~s of IX:Qbl~s ,from ,the valley gravels is: 'Igneous rocks 
,37 ~pe'~ 'cent,' 'of ~hldi 23 per ,centf are granite,; and sedimentary rocks 
63 p~r cent, oJ whiclI 56 t:ier cent -are limestone (pages 176 to 180). 
The percehtage pf the igneous and other resistant kinds of pebbles is 
jar'geT'. dow~" the yalleys "and 16 the' west and ~Quthwest. In compari-
~on 'with the material"of ,the gravel hills, these valley gravels contain 
13 per cent 'more of igneous rocks. This is perhaps the result of the 
d~strqctipn pf the !=lay-balls and shale pebbles and a consequent rel-
; ~,tiv~ increase of other kinds. The number of limestone pebbles' worn 
'out largely offsets the relative increase due to the destruction of the 
tjay-b~lls, 'so tHat most, of the increase is in the igneous rock_'pebbles. 
1.', . -
f DISTRIB.u'TI'ON AND DESCRIPTION OF THE VALLEY GRAVELS 
The Big Sioux River Drainage Basin 
.!' . j ; , The Main Valley 
1 -Big Sioux river drained the east margin of the Dakota lobe of the 
Wisconsin Ice 'sheet from the head of the Coteau des Prairies south-
w,af-a to ~Canton, and received through its larger tributaries drainage 
,ffom the west margin of the Des Moines lobe. It also received the 
drainage from: the Iowan ice edge in southwestern Minnesota and in 
( 
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Lyon county, Iowa. The , valley contains a gravel deposit south of 
the northwest corner of Iowa and at several places this deposit . formsi 
pr ominent terraces. These gravels and these terraces were not stud-
ied in sufficient detail to separate the Iowan and Wisconsin, if in fact 
this can be done. 
N ear the northwest corner of the state, west and northwest of Granite 
(Plate I ) , there' is a terrace area two miles long and one-half to three-
fourths of a. mile wide (Granite terrace). The surface altitude is 1330 to 
1345 'feet above sea level; or 80 to 90 feet above the river. At the south . 
end of the bridge on the west line of section 19 just west of Granite, the 
terrace gravel is 20 feet thick and rests on Kansan till, which ' continues 
clown to the creek level, 20 to 25 feet lower. The north slope of the valley 
at this place shows 20 to 25 feet of fresh gravel and sand below the ter-, 
race. About a mile west of Granite, in the southwest quarter of section 
24, the , Chicago', Rock Island & Pacific Railway ,Company formerly, 
operated a gravel pit in the terrace. The following section was exposed .. 
in the pit and in a gully below. 
FEET ' 
4. Soil, . etc. .. .... .... . .. .... ... .. . .. .. . . . .. ..... . .. . .... . . . .. . .. . ... 3 
3. Bowlder bed, badly iron-rusted and partly cemented .. . . .. ... .. . . .. . 4 
The coarse-grained igneous bowlders are rotted, and the limestones 
are decayed to brown masses. 
2. Gravel and sand, relatively fresh .. ..... .. .. : ... . ... . . ... . .. . ... . . . 16 
1. Till, brownish yellow. Kansan .... .. ... . . . ... . .. . ............. .. . 35 
Continuous exposure · for 5 feet at top and at intervals for 30 feet. 
The gravel horizon in the two exposures noted has a thickness of about 
20 feet, but these exposures ' are located along the continuation of Blood 
Run valley across the terrace, and the average thickness of the deposit 
over the whole area is probably less. 
South of Blood Run the terrace continues as a p.arrower belt across 
sections 26 and 35 and is terminated 'by an eastward bend ot the river 
jhst south of the township line. It begins again in section 7, Centennial 
township, and with a width of about a mile continues south to Klondike 
(Klondike terrace). The Klondike terrace is only 45 to 55 feet above the 
river or 30 to 40 feet lower than the Granite terrace. The material was 
~een just east ' of the bridge at Klondike, where it is a coarse gravelly. 
d~po.sit, and in the north part of se<;tion 17, where it is largely coarse gravel 
~ith bowlders and is partly cemented. '1n the latter exposure the gravel 
(ests on a;tough dark drift which Shimek interpreted as "probable Nebras-
kan",46 
. From Klondike south to Canton the river follows the Iowa bluff, and , 
46 Shimek, B., Pleistocene of Sioux Falls and ,vicin it y: Bull. Geo!. Soc. Amer., Vo!' 23, p. 
144, 1912. 
r 
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the' Dakota side, although rising gradually, does not present a distinct 
terrace. Along this portion of the Big Sioux valley the Dakota lobe of 
ice pushed up to the river and such gravel deposits as exist are probably 
of Wisconsin age. 
South of Canton, terraces appear at various places along the valley to 
Hawarden and . Chatsworth. The river swings from side to side of the 
valley and the terraces are found here on one side and there on the other. 
The altitude of these benches is 20 to 30 feet above the river, decreasing 
southward. 
Rock River Valley 
Rock river heads il1 northeastern Pipestone county, Minnesota, on 
the slope of the Coteau des Prairies. It drains most of the Iowan 
belt in Minnesota and has the heads of its several branches in the edge 
of the Wisconsin region. Rock river enters Iowa at the center of the 
north line of Lyon county and flows southward and southwestward 
. across Lyon and northwestern Sioux counties to Big Sioux river; Aided 
by its tributaries from the east it drained about 50 miles of the \Vis-
cons in ice margin and an equal length of the Iowan belt.. It was, 
therefore, well located to receive gravel deposits from both of these 
ice shee~s. 
South of the state line the valley flat is about a mile wide, and 
much of this flat is a terrace about 25 feet above the river. Rock Rap-
ids, Doon .and Rock Valley are located on this terrace. At the mouth 
of Rock river valley the terrace unites with that of the Big Sioux, 
making a large level plain several miles across. 
At Rock Rapids the gravel is 25 to 30 feet thick and rests on yellow 
Kansan till. A pit about half a mile north of Rock Rapids showed cross-
bedding and basin structure and variations in the coarseness of the material. 
At Doon the gravel deposits have been extensively worked in the past by 
the Great Northern Railway .Company. A pit face here showed 25 feet 
o'f gravel, which was ' said to continue without change for at least five 
feet below the pit bottom. At Rock Valley the town well is 18 feet deep 
and is entirely in gravel, and the Chicago, Milwaukee, St. Paul & Pacific 
Railway pit west of town has a depth of 20 feet, without reaching the 
base of the 'gravel. The material exposed at all these places along Rock 
River is relatively fresh, oxidized but unleached, and consists of sand 
and fine-grained gravel with few cobbles or bowlders. Cross-bedding, 
inclined-bedding and basin structure are common. 
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Tributaries of Rock River 
Little Rock River and Otter Creek.-Little Rock river, the principal 
tributary of . Rock river from the east, heads in southern Nobles county, 
Minnesota, within and along th~ Wisconsin drift margin. In Iowa it 
crosses the northwest corner of Osceola county and flows south and- west 
across eastern Lyon county to its union with Rock river. Its course 
southward to where Otter creek enters is within or along the margin of 
the Iowan area. This stream,- therefore, like Rock river carried both Iowan 
and Wisconsin drainage. There are gravel deposits along the valley at 
various places, forming indistinct benches which merge more or less 
gradu~lly with the flood-plain level which forms the ~ajor part of the area 
between the valley slopes. On the Lyon county map Wilder showed this 
area as a Wisconsin gravel train with a width of about half a mile and 
extending continuously along the stream. 
Just opposite Little Rock there is a low terrace 'with gravel exposures, 
and in the northeast part of the town is a small gravel pit in the terrace. 
The material is horizontally bedded and consists of fresh gravel and sand 
which is poorly assorted. The gravel of the pit is overlain by two feet •. 
of sandy, loesslike material which grades into the soil above. 
At George, 10 miles below Little Rock, the terrace on the north side of 
the valley is almost half a mile wide and 15 feet above the river. The 
south part of the village is on this terrace, and the town well, southeast 
of the railway station, has the following log. 
FEET 
4. Soil . . . .... . . . . ..... . ...... .. .. .. . ... .. .. . .. . .. . .. . . .. ... ..... . . 3 
3. Loesslike clay .... . .. .. .. .... . .... .. . . . ... . .. . . . ...... . . . .'... .... 7 
2. Gravel and sand, very fresh . . ; .. .. ................ . ........... . . . 12 
1. Yellow clay .. .. ... . ..... . .. .. .. . .. . .. . ......... . . . .. . . . ...... .. . 
Otter creek heads just within the Wisconsin drift margin north of 
Bigelow, Minnesota, flows south along this margin for several miles and 
at the time of maximum glacial advance drained about 10 miles of the ice-
margin. It has an irregular course southward across' western . Osceola 
county, and thence flows west and north in southeastern Lyon county to its 
union with Little Rock river southwest of George. Its entire course is 
within or along the margin of the Iowan drift region. 
This valley has very little gravel in its upper course near the Wisconsin 
drift margin, but from Gilman township in southwestern Osceola county 
across southeastern Lyon county gravel terraces are common. The material 
exposed in the terrace at Ashton is fresh, only the coarse-grained biotite 
granites being altered. An analysis of peQbles here s~owed the presence 
of 35 per cent igneous rocks and 65 per cent sedimentary rocks, 64 per 
cent of the latter being gray and buff limestones. On the county line 
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northeast of Matlock, Otter creek valley is a broad shallow depression 
with a broad flood plain and a: narrower gravel teTrace about 15 feet above 
the stream. . 
. 'Rat creek, a tributary of Otter creek in southeastern tyon cpunty, flow; 
in a broad ,sag' ls to 25 feet below the upland. The v~l1ey contains some' 
gravel, and indefinite low benches appear at several places. ,On the Lyon 
county map, Wilder J;Ily.pped a Wisconsin gravel train 'along, the entire, 
length of this cr~ek. The valley is in the Iowan drift· region, entirely , 
beyond the Wisconsin region, and aid not receive Wisconsin outwash. 
A rea East and Southeast of Sibley.-At the ,edge of Sibley there are .. 
some large gravel pits in a deposit that is not along any present stream, 
course. The ,deposit has an areal extent 'of at least 80 acres and underlies 
the east and south parts of Sibley. In the City pit 25 to 30 feet of gravel. 
and sand were exposed, and the Chicago, Rock Island & Pacific Railway' 
pit to the' south showed 18 feet of gravel. The gravel rests on an 
uneven surface of un1eached till, which at one place in the City pit slopes 
{our feet in a horizontal distance of 30 feet, and greater irregularities are. 
said to exist. Several mounds of till appear in that part of the railway pit . 
from which the gravel has been removed. One of these con~ists of a mass 
of till , with the' gravel beneath it on at least one side, and in another the 
till has , irregular contacts with the surrounding gravel, and may also be 
an included mass of till. 
A small pit just west of the larger pits showed, in 1927, a lens of till 
25 feet across on the pit ,face and' four feet thick, at the top of the gravel 
horizon. It is light yellow ttn1eached till, resti'ng on un1eached gravel and 
is overlain by 3 y,; feet of leached loess. The gravel and till are certainly 
of the same age and certainly Iowan. 
The gravel of these pit~ is, in general, fresh. At the top is a zone of 
coarse material, several feet thick, which is iron-stained, and near Its 
base the gravel is in places stain~d a dark color. A well in this gravel area 
in the east part of Sibley stopped on a "cement rock" layer which is prob- : 
ably at the base of the gravel. Most of the dark coar~e-grained igneous ; 
rock pebbles are decayed so as to crumble easily, limestone pebbles are 
abundant and unaltered, and many layers or 1ami~re contain a large per~ ; 
'centage of grains of shale. The gravel is medium-grained and quite uni-: 
form. i3owlde~s are rare except at the base of the gravel, where they rest 
60' the till. ' ' ') 
A sewer pipe trench along ,the street just east of the City Park in the ; 
northeast part of Sibley was open in -August, 1911, and showed at the ' 
south, sand ' and gt;avel overlain by loess. To the north fresh 'till rose .. 
a:bove the level ' 9f the bottom of the ditch, the sand and gravel horizon } 
, . . )" '.. '" 
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Ithip.hed to zero, and the loess rested on the till. A sketch of .ihis :exposure 
,is ,shown in figure 18. The exposure wa,s apparep.tly at the edge '.pf th'e 
:gravel deposit and showed the relation of the gravel to the till ~nd . the 
.relation of the loess to both the gravel and till. ' None of the contacts 
sho~ed any alteration. Similar conditions were seen in an open trench 
along the north-south main street of Sibley at the street. crossing near the 
"Windsor Hotel (page 133). 
-: Two miles, southeast of Sibley, in the northeast quarter' of sectio~ 30, 
East Holman township, a gravel pit operated by the Chicago, Rock Island 
,& Pacific Railway Company exposed material similar to that at Sibley 
~x~ept ~hat the upper part is coarser and more bowldery. Eighteen feet 
,of g~avel was , exposed beneath a five-foot zone of loesslike clay . . A con-
siderable area south of this pit in sections 30 and 29 is quite level an,g 
js probabiy' underlain with gravel. ' , " , 
.: The mar.gi~ of the Wisconsin drift as traced by the writer, is o~ly~ a 
'few miles' to . the northeast of these deposits east and southeast of Sibley, 
,but 'tli.e small valleys leading away from this Wisconsin drift margin show 
~b indication of having carried outwash mat~rial, and the s~all va,liey '0; 
~ection 18, which passes near the deposit east of Sibley, did not head bac!c 
to the margin of the Wisconsin ice. Also these gravels are overlain by 
loess :which 'is older than the Wisconsin epoch and at one place are over-
lain by a great lens of Iowan till. In appearance and co~position these 
are ~he txpical valley gravels of the Iowan drift region. 
Tom Creek.-This creek drains . a part of northeastern Lyon county 
-near' the state line and enters Rock river at Rock Rapids. There are gravel 
ter-iaces along its course and fresh gravel and sand may be seen in several 
valley' pits in Midland township. A similar deposit is found along the north 
branch of Tom creek. ' 
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Tom creek and Little Rock river drain' the area in northeastern Lyon 
county mapped by Wil~er as Wisconsin outwash.41 Otter creek drains the 
similar outwash area in northwestern Osceola county. Although these 
areas have some gravel outside the ptesent valleys, it is not sufficient to 
form an outwash plain and they are not related to the Wisconsin boundary. 
Several of the more important gravel deposits along these valleys are 
overlain with loess and probably essentially all of the gravel is of Iowan age. 
Mud Creek."-This creek heads in the southern part of Rock county, 
Minnesota, and flows south by southeast across Lyon county to Rock 
river near Doon. From the state line southward the valley is broad with 
gentle slopes and a flat bottom. This flat :is, as a rule, a flood plain, but 
benches of gravel appear at many places. The gravel is fresh and consists 
of relatively resistant material. Jhree analyses of pebbles fromt benches 
along this valley show an average content of 51 per cent of igneous, rocks, 
which is 14 per cent higher than the average for pebbles from the valley 
gravels. Th~ analyses also show a high percentage of quartzites and cherts, 
which are · classed with the sedimentary- pebbles. This valley is entirely 
within the Kansan ' drift area and could not possibly have received any 
outwash from the Iowan area as here mapped. 
Rock river, Little Rock river and Otter creek all head at the Wis-
consin margin and therefore carried Wisconsin drainage. The head-
ward courses of Rock and , Little Rock rivers in Minnesota were not 
studied but the upper course of Otter creek valley does not contain 
much gravel. Further, the gravel of these valleys is overlain by the 
loess or loesslike clay that covers the Kansan and Iowan drift regions 
and which is older than the Wisconsin. These gravels are, therefore, 
believed to be of Iowan age. The gravels just east and southeast of 
Sibley, within the Iowan area and those along Tom creek in Midland 
township, just outside the Iowan area, apparently are of Iowan age. 
The gravels along Mud creek in western Lyon county could not have 
been derived from the Iowan and are believed to have been released 
from the Kansan till by erosion and to have accumulated in the valley. 
The greater dominance of the resistant types of pebbles might be thus 
accounted for. 
Small Tributaries of the Big Sioux 
N:one of the creeks considered under this heading is more than six to 
ten miles long and all lie. entirely within the. Kansan drift' region. The 
first of these south of the state line is Blood Run, which flows southwest-
.7 Iowa GeoL Survey; VoL X, p. 135 and map, 1900. 
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ward across Sioux township in northwestern Lyon county, and joins the 
Big Sioux valley west of Granite. The Granite terrace of the Big Sioux 
va:lley (page 139) continues into the mouth of Blood Run valley as far as 
Granite, and gravel deposits appear to the east along the valley through 
sections 20, 21 and 22. 
Plum creek enters the Big Sioux valley along the south edge of the Klon-
dike terrace a few miles south of Blood Run. This creek was not followed, 
but Beyer describes it as having a low indistinct terrace of small extent, 
and describes a pit exposure along the creek, three miles south of Larch-
wood, as showing seven to eight feet of clean sand and gravel resting on 
the blue clay.48 
Dry creek and Six Mile creek, in western Sioux county, have broad, 
- open valleys wjth narrow flood plains, and gravel deposits appear along 
them at various places, but nowhere do they form benches ' of any prom-
inence. Siniilar gravel ' deposits are found 'along the creeks of western 
Plymouth county, especially along Broken Kettle creek, and in this region 
the gravel is overlain by a deposit which is unquestionably loess. The 
gravel of all these small tributaries of the Big Sioux must have been de-
rived from the Kansan till. 
The Floyd River Drainage Basin 
The Main Valley 
N ext east of the Big S~oux lies the Floyd river basin. This is a 
smaller basin lying between the Big Sioux and the Little Sioux and is 
limited to the north by the spread of the basins of its larger neighbors. 
Floyd river heads in southern Osceola and northern O'Brien counties 
and flows south by southwest across eastern Sioux and central Ply-
mouth counties to Missouri river at Sioux City. The Floyd drain-
age basin is separated from the Wisconsin drift area by the high .di-
vide of southern Osceola county and certainly received no drainage 
from the Wisconsin ice. Its headwaters northeast of Sheldon are 
withiit the Iowan drift a,rea, of which it drains about 150 square 
miles. Southwest of Sheldon across Sioux and Plymouth counties 
the basin is within the Kansan drift region. 
In northwestern O'Brien county there are small benches in the Floyd 
valley 10 to 20 feet above the stream. Exposures in these benches are not 
common, but one on the west side of the valley on the north line of 
section21, Floyd township, showed three feet of horizontally bedded gravel 
overlain by about 18 inches of leached loess . 
• 8 Iowa Geol. Survey, Vol. XXIV, p. 426, 1914. 
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About one mjle 'north qf Sheldon on the south side of the Floyd valley 
.there r,s a large, abandoned gravel pit 'and there are also some smaller pits 
that are now being worked. In theabandoQed pit west of the railway the 
,following section was exp,osed. ' 
FEET ' 
3. Black soil .... , . . . . , ......... ' . . . .... , . . , , ... ' .. .. .. , .. , . . , . , , . . . . 1 ~ 
2. Loesslike clay, brownish yellow, leached, containing a few pebbles .. 4 
This member grades into the soil above, and in some places" by the 
inclusion of pebble bands, it grades into the gravel bed below. Al-
though not true loess in the lithological sense, this material is cer-
tainly the time equivalent of the loess. Loe!ls exists in the vicinity 
and rests on .the till, as may be seen in a railway cut between these 
pits and Sheldon (page 131). ' 
1. Sand and gravel horizon ., .................... , .. , .. ... . , .. . , . ,' 10 
This gravel is fine-grained with a few cobbles, and some of the sand 
layers show inclined laminre. The material of the layers changes 
horizontally in short distances so that any section taken fits only 
that particular pface. The base was not exposed at the pit face but 
part of the floor of the pit is a cemented zone of cross-bedded sand, 
probably at the base of ' the gravel horizon. 
In ~ small pit just north of the large abandoned pit, the gravel rests 
,on 1;1nleached brownish yellow till that may be either Kansan or Io:van. 
,A pit on the east side of the railway showed 12 feet of fine gravel. Several 
clay-balls (till) were found here, this being one of the few places where 
they were , seen in the valley gravels. This is within the lowan region and 
the gravels may have been carried only a short distance before deposition. 
Southwest of S~eldon, Floyd river has a broad, open valley with a 
gradually ~iClening valley flat. Patches of terrace about 10 feet above "the 
flood pI'ain exist at many places, and there are g.,avel pits in these terraces 
at Hospers, two miles north of Alton, at Alton, Seney, and LeMars (Plate 
I). At the east end of the Chicago & ' North Western railway bridge at 
Alton some pits expose 10 feet of gravel with thin layers of coarse sand, 
'Overlain by three feet of loesslike clay, which rises to an indistinct bench 
20 feet above the river. Other pits in a bench of similar height north oJ 
the railway station show the same loesslike zone overlying the gravel. 
A pit near. the river in the northwest part of LeMars showed the ,follow-
ing ,section ;49 
FEET 
5. Soil, sandy, black ... ..... .. , .... , ',' . .......... , , . , ... , .. , . , , ' ,' : ,, 4' 
4. Loesslike clay, leached ... .............................. , ..... , . . . 3~ 
3. Lgesslike clay,' unleach,ed, with thin layers of sand , ... , ........ , .. 6~ 
The upper part of this zone contains small ca\careo~s concretions. 
2. Gravel ... , ..... , . , .. , .. , ........ , ... , .. , . . . , .. , . . .... , ......... 3 , 
1. Sand with thin layers of silty sand ; .. , . . , ... , .. . .... .. , .. , . ..... . . 3 
The. calcareous material removed by leaching from zone number 4 has' 
been concentrated in the upper part of -?=one ,number 3 in the form of con-
...... '. 
49 This or a pit I\ear.by was described and figured by H , F . Bain in his report on Plymouth 
county. Iowa Geol. Survey, Vol. VIII, p. 338 and Plate 29, figure 2. 
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cretions. These two zones are the time equivalent of the loess of the up- ' 
land and togther form a horizon much thicker here than faither up the' 
Floyd valley at Sheldon. Fr'om the pit of B. Erdman just west of the 
above several limb bones and pieces of deer horns have been taken. 
South-of LeMars the flat of the Floyd valley is a mile to a mile and a 
half wide, but it is all ess'entially at flood-plain level. This flat is probably 
underl,ain with gravel. 
The Floyd river valley contains gravels from its headwaters to its 
mouth. In the Iowan area above Sheldon these should be of Iowan 
age and those farther down the valley may also have been derived: from 
the Iowan area. However, tributary valleys which could, not have 
_received Iowan drainage, as the West Fork of Floyd river and Deep 
creek, contain similar gravels and if these latter were derived by the 
erosion of the Kansan till, then some Of those 'in ,the main 'valley may 
have been derived from the Kansan. 
Deep Creek Valley 
At LeMars Floyd river is joined by Deep creek, which rises in south-
western , O'Brien and southeastern Sioux counties and flows south to 
, ' 
Remsen and thence west to Floyd river. Fresh sand and fine gravel 
appear in benches along this creek, and exposures were seen in every 
section from Remsen to LeMars. The gravel horizon is overlain by 
yellow: lqesslih clay, as in the Floyd river valley. r 
,In the northwest quarter of section 5, Marion township, the terrace is 
30 feet above the creek, and a well on the terrace goes 45 feet into sand, 
or 15 feet below the stream level, without reaching the bottom of the 
sand. A pit in the northeast quarter of section 4, Marion township, one 
mile east of Oyens, operated by' C. H. Grimes, showed the following 
section. 
FEET 
4. Loesslike clay, leached ...... ::. ... .... .. .... ....................... 3 ' 
3. Loesslike clay, unleached, with a few bands of pebbles in the basal 
part . . , ', .. , ..... , .. , .. , ', ... ,',. , ' . " . , " ," ,. , . . .. .. ". , ... ... 3 
2, Gravel ..... . . , . . . .... . . , .. . ... . . . . . .. .... . .. . . , . ,.,., .. , . : " . . , . 3 
1. Sand and gravel; above water level ..... . .. ' .. , . . .. . ..... , . . , , ... : '. 6 
The pit was worked by a suction-dredge to a depth of about 20 feet below 
water level. The material is sand and fine gravel with some' cobbles. 
Several ver~ebne and other bone fragments hav.e been pumped up with 
the gravel. . 
In the lower course of Deep creek valley just northeast of LeMars there 1 
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are two pits from which gravel has been dredged beneath water level. One 
is located in the northeast quarter of section 10 and the other a mile 
farther west in the northeast quarter of section 9. The pit in section 10, 
now abandoned, showed the following exposure above water level. 
, FEET 
4. Soil, passing downward into yellow, sandy clay . ..... ... . .......... 6 
3. Alternating layers of fine sand and clayey sand, horizontally bedded 
and laminated ........... . ......... . ... ... . . . . .... . .. .. ....... ... 4 . 
2. Loesslike clay, qrownish, with thin partings of sand . ... . .. .. ... . .. . 6 
What are apparently' rootlet impressions penetrate this clay, and iron-
staining has taken place along these openings. 
1. Gravel, fresh, fine-grained, with a few cobbles 4 to 8 inches through; 
above water level .... . ....... . .. . ..... . ...... .... .. .. .. . ......... 10 
This pit can be worked to a depth of 47 feet below water level, where a 
layer is struck that is said to consist of fiat, slabby pebbles, too hard to be 
penetrated by the dredge scoop. The material from this pit is fine sand 
with very little gravel.' Details of stratification are of course unknown. 
At a depth of 25 feet a silty layer with stems and vegetable material is 
passed through. This was penetrated over the entire pit area, which is SO 
to 60 yards across. 
The pit in the northeast quarter of section 9 shows the following section 
above water level. 
FEET 
4. Soil, sandy, dark .......... . ....... . ,'.. .. . ...... .. ... ... .... . . . .. 3 
3. Clay, sandy, dark gray, leached ... ...... . . . . . . . . . . . . . . . . . . . . . . . . .. 4 
2. ' Loesslike clay, unleached, containing thin layers of fine sand . ....... 15 
This is the usual material overlying the gravels but is here thicker and 
more sandy than common. . 
1. Gravel, fine, and sand; above water level . . .. .... . .. .. . . .... .. . . ... 5 
Gravel is dredged from this pit to a 'depth of 30 feet below water level. At 
this depth a layer of slabby pebbles is struck as in tpe other pit. .Prospect 
drill-holes have been sunk near by, one of which penetrated 58 feet of 
gravel below water level. As in the pit farther east, there is, at a depth 
of 20 to 25 feet, a dark silty layer containing vegetable material. 
A number of bones have been dredged up from these pits, but no evi-
dence could be obtained as to the horizon from which they came (page 
164). They are not greatly altered and have a more m9dern appearance 
than bones from the gravel deposits of western Iowa farther south. Six 
analyses of ,pebbles from the gravel deposit of Deep creek valley show an 
average content of 48 per cent igneous rocks, which is about 11 per cent 
higher than the average for all analyses made of the v;tlley gravels, indicat-
irig a greater wear and transportation. 
Deep creek is entirely in the Kansan drift region and the explanation 
of its thick gravel deposit is a rather difficult problem. The valley 
in which the gravel lies apparently goes through the glacial drift, at 
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least in part, for an exposure of Cretaceous rock exists -near the level 
of the creek in the southwest part of section 2, less than half a mile 
up the valley from ' the abandoned pit in section 10, where the gravel 
was worked to a depth of more than 40 feet below the creek level. 
Does this deep valley continue down Floyd river to·the Missouri? When 
was the valley eroded, and when was it filled with gravel? Much more . 
evidence concerning these gravel deposits is required before a satisfac-
tory explanation can be given. From the freshness of the gravels and 
their relation to the overlying loess, it is believed that they were de-
posited just before the loess deposition or approximately at the time of 
the Iowan glacial period. 
The Little Sioux River Drainage Basin· 
The Little Sioux is the largest of the southwestward flowing streams 
of western Iowa. In common with its chief tribut?-ry, the Ocheyedan, 
it heads on the Wisconsin drift plain, and after passing to the Iowan 
drift region near Milford in Dickinson county, it flows near the Wis-
consin drift margin south to the mouth of Brooke creek, in northwest-
ern Buena Vista county. It received the drainage of. the -Wisconsin 
ice front from a point east of Sibl~y tQ Storm Lake, a distance of about 
100 miles, and at the present time drains more than 1,000 square miles 
of the \Visconsin ,drift plain. From the mouth of Brooke creek to 
Cherokee the Little Sioux crosses the Iowan area and receives impor-
tant tributaries from this Iowan area from the north. On the whole, 
it drains more than 1,000 square miles of the Iowan drift region. 
Southwest of Cherokee the Little Sioux is on the Kansan drift region. 
The Headwaters of the Little Sioux above Spencer 
The Little Sioux river system above Spencer consists of the Little Sioux 
proper, the Ocheyedan with its tributary the Little Ocheyedan, and Stony 
creek, all of which have their upper courses within the Wisconsin drift 
region. There are gravel deposits at various places along the Little Sioux 
within the Wisconsin area in Dickinson county, but on the whole they 
do not form continuous terrace benches. 
The Okoboji outlet, which drains the lakes of north-central Dickinson 
county, joins the Little Sioux southwest of Milford. This course was 
the outlet of enormous floods of water during the Wisconsin ice epoch 
and there are great gravel deposits along the outlet and along the Little 
Sioux to the south. Gravel exposures are found in · the valley sides and 
150 PLEISTOCENE OF NORTHWESTERN IOWA 
in pits on the_terrace. The thickness of the gravel is 10 to 20 feet and 
it is coarser and more rusty than is the gravel of most of the deposits 
that are beyond the reach of the Wisconsin ice drainage. Eight analyses 
of gravels from the Little Sioux valley between the Wisconsin boundary 
and Spencer show an average of 41 per cent igneous rocks, which is about 
5 per cent higher than the average igneous content of gravels found in . 
valleys that could not have received drainage from the Wisconsin ice. 
This gravel area extends as a terrace down the Little Sioux valley to 
the county line and south to Spencer. At Milford the terrace is 70 to 80 
feet above the river, but it declines to 50 feet at the county line, and to 20 
feet at Spencer, as shown in figure 19. In this distance the river falls 70 
FIG. 19.-Profiles along the Little Sioux river valley from west of Milford to Spencer, showing 
the gradient of the river and the gradient of the terrace. The· distance is measured 
along the central line of the gravel-filled area. 
feet while the terrace drops about 120 feet. The fall of the terrace 
measured along the center line of the filled belt is 6% feet per mile, and 
. the fall of the river along this same line is about four feet per mile. The 
fall of the river from west of Milford to Spencer, measured along its 
winding course, is 2% feet per mile. 
In the pits south of Milford the gravel is overlain by two to three feet of 
brown sandy, noncalcareous material with few pebbles. It is not the usual 
leached loess but bears some resemblance to it and, considering the location 
of the region, where the loess is almost absent on the up~and, this may be 
the equivalent of the loess. Such an interpretation of the overlying ma-
terial would make the gravel of the Milfotd bench pre-Wisconsin and 
place it with the valley gravels of the Iowan age. The more rusty charac-
ter of the gravel, the location of the deposit with respect to the Wisconsin 
drift boundary, and the decline of the bench southward ~o stream level at 
Spencer seem to separate this gravel deposit from the usual valley grav~ls 
and it is most probably Wisconsin outwash.. Gravels underlie the valley 
flats of Ocheyedan river and Stony creek, both of which head within the 
Wisconsin area and extend out onto the Iowan area to the south, but these 
flats are low, being little if any above· the flood-plain level. 
The valley flats of · the Ocheyedan, Stony creek and the Little Sioux 
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all unite in Riverton township west of Spencer in a large gravel area 
(Spencer flat) which extends from Everly eastward through Spencer 
to the southward bend of the Little Sioux southwest of Dickens. It 
covers the north half of Riverton township, a strip about two miles wide 
across Sioux township, and continues west and north up the Ocheyedan 
and Little Sioux valleys. About half of this ar,ea is a terrace 15 to 20 
feet above the river. Gravel exposures appear at many places. At the pit 
of the Spencer Cement Tile Company, the gravel is worked to a depth of 
about 20 feet by a suction-dredge which pumps the gravel from beneath 
ground water level. About 10 feet of material is exposed above water 
level, and this consists of cross-b'edded fine gravel and sand. Blue clay 
is said to uriderlie the gravel, and bowlders have been encountered toward 
-the base of the gravel. The gravel is overlain by a brown sandy material 
similar to that over the gravel at Milford. , 
Tributaries of the Little Sioux from the Wisconsin Drift Region 
From Spencer to t4e mouth of Brooke creek in the northwest part of 
Buena Vista county the Wisconsin boundary is along or near the east 
bluff of the Little Sioux and in this distance ~he valley must have 
received drainage from the Wisconsin ice. " 
East of Spencer the Little Sioux is joined by Meadow brook, which with , 
its sev:eral branches drains those parts of northeastern Clay and south-
eastern Dickinson counties which lie within the Wisconsin drift boundary. 
Small gravel deposits are present along this creek at many places in the 
Wisconsin region but not in quantities sufficient to form terraces. Five 
miles east of Spencer the Little Sioux IS joined by the outlet of Lost Island 
lake (Dickens outlet), and there are important gravel deposits along 
this valley south , and southeast of D,ickens. ' 
Through southeastern , Clay county and northern Buena Vista county 
west as far as Linn Grove n'o tributar~es of importance enter from the 
east. Elk creek, entering at Gillett Grove in southeastern Clay , county, 
has very little gravel along its course, although it drained about six miles 
of the Wisconsin ice 'margin and nOw drains probably a township of 
Wisconsin drift plain. Brooke creek, which flows north along the Wis-
consin drift margin to the Little Sioux, drained 18 miles of the Wisconsin 
ice ~argin. It has little gravel in its upper course, in \¥ ashington and ' 
Elk townships, but in its lower course, in Brooke township, there are thick 
gravel deposits into which the, creek and its tributaries have cut deep, nar-
row valleys. All these tributaries from the east between Spencer and 
Brooke creek drain the Wisconsin region. 
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Gravels of the Little Sioux Valley from 
Spencer to Its Mouth 
From the bend east of Spencer south to 
Gillett Grove, Little Sioux river flows 
through a narrow valley and there are 
practically no gravel deposits. Below Gil-
lett Grove, 111 Herdland township, there 
are some' small gravel terraces, ~hiefly 
along the east slope of the valley, which 
here marks the \Visconsin drift marg111. 
At Sioux Rapids the station of the Minne-
apolis and St. Louis Railway is on a bench 
about 50 feet above the river and a gravel 
pit just north of the railway station shows 
20 feet of gravel. To the west there are 
benches at several places, usually on the 
inner side of the gr~at bends of the valley. 
There are in places one, in places two, and 
in places three benches, and their altitudes 
above the river differ greatly. One com-
mon elevation is 45 to 60 feet above the 
rIver. All 'these benches are probably com-
posed of Wisconsin gravels derived from 
the 'Wisconsin ice front, which lay just to 
the east. 
From the mouth of Brooke creek to 
Cherokee the course of the Little Sioux is 
across the Iowan drift region. At the bend 
of the Little Sioux in southeastern O'Brien 
county, at the mouth of \Vaterman creek, 
there are gravel benches about 115 feet 
above the river, and only 15 to 25 feet 
below the adjoining upland. A gravel de-
posit at this level on the west line of sec-
tion 23, Waterman township, has a thick-
ness of 30 feet. This terrace continues 
up \Vaterman creek valley to the north 
and up Murry creek valley to Sutherland 
but is not present along the Little Sioux 
valley to the east. This is in accord with 
the .interpretation given elsewhere 50 that 
50 Iowa Geol. Survey, Vol. XXVI, pp. 313-318, 1917. 
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the Little Sioux river came into its present course across the great divide 
in Wisconsin time and that Waterman creek is the northward continuation 
of the pre-Wisconsin Litt(e Sioux. 
South of the bend and in Cherokee county two bench levels are common; 
one near the upland, 100 to 120 feet above the river, and another 50 to ' 
55 feet above the river. The elevations of these benches along the Little 
Sioux valley across Cherokee and Woodbury counties are shown in figure 
20. In Spring township the higher terrace is found on the north line of 
section 2, in the southeast quarter of section 17, in the west half of sec-
tion 29, and at the lower ends of the valleys which enter in sections 16 and 
19. The lower terrace is found in 'sections 3, 2, 9, 16 and 29, and as a 
large area in sections 17, 20 and 30. At many places this terrace grades 
down to the flood-plain level. 
In Cherokee township the higher terrace is found in section 13, along 
the lower course of Mill creek, and southward to and through Cherokee. 
Lower terraces of considerable area are found north and south of Cherokee, 
and the town of Cherokee stands on such an area. There seems to be very 
little uniformity in the altitude of these benches. 
In section 14 there,are two pits in the terrace, which is here about 75 feet 
above the river, that go down into the deposit 50 and 60 feet, respectively. 
The material is sand and gravel, with a few bowlders.. Clay-balls are 
abundant locally. The material iS ' relatively fresh but oxidized, The pit 
of the Cherokee San.d and Gravel Company was 60 feet deep, and the 
bottom was on a bowlder zone which is said to rest on "blue clay". About 
80 rods south of this pit is the Gilleas pit which showed a fac~ 50 to 60 
feet high, made up of layers of coarse and fine gravel and sand. There are 
many cobbles and small bowlders in this pit, and some very large bowlders. 
On the basis of the evidence given elsewhere (page 57) that a great lens 
of till is interbedded with the upper part of this gravel, it is known to 
have accumulated during. the Iowan ice epoch. 
Just south of Cherokee in the southwest quarter of section 34 the 
Illinois Central Railway Company has removed the gravel from an area 
of severa.l acres, .An exposure in the east end of this pit showed till, 
probably Kansan, below about 20 feet of gravel. 
In Pilot township the most continuous terrace is 70 to 75 feet above ( 
the river, but other altitudes are represented. At Washta the lower ter-
race is not over 40 feet above the river, and the upper one is 95 feet 
above water level (figure 20). At Correctionville the terraces are still 
lower. being 30 and 80 feet above the river. Correctionville stands on the 
lower terrace'and the higher one is represented by benches at the mouth of, 
and within the valley of Pierson creek. 
The lower terrace is found in Keeron township south of Correctionville, 
\. 
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where there is a pit on the west line of section 15 ; at Anthon, where it is 
30 feet above 'the river; and in sections 17 and 18 of MUler township, three ' 
miles south of Anthon. Farther sOl.lth .terraces were not recognized, and 
practically all of the flat is flood plain, at an elevation of 20 to 25 feet above 
the river. 
The upper bench level was not positively identified south of Correction-
ville, bUf masses of gravel were seen at several places high up on the slopes 
of the valley . . In the southwest quarter of section 20, Miller township, 
there is some oxidized gravel 85 feet above the river; opposite Oto in sec-
tion 5 there is a gravel deposit about 100 feet above the river ; and in sec-' . 
tion 8 there is an exposure of sand 80 to 90. feet above the river. These 
materials are all more oxidized than the deposits found north 'of Correc-
tionville. . 
Since Little Sioux river drains so large an area of Wisconsin drift, 
it should have carried much Wisconsin drainage and much gravel along 
its valley should be of this age. If the course westward across the 
great watershed is a Wisconsin glacial diversion, then the gravel 
benches in this part of the valley must be of Wisconsin age. The 
. lower benches across Cherokee and \Voodbury counties may be of Wis-
consin age. The high bench beginning in southeastern O'Brien coun-
ty and continuing southward is continuous with benches in valleys 
that did not receive Wisconsin gravels. Also the gravel of this high 
bench is overlain by loess in the north part of 'Cherokee (page 127), 
inthe southwest part of section 31, Pilot township, and at a few other . 
places along the Little Sioux valley and at many places along the 
courses of the tributary valleys. This upper terrace is, therefore, pre-
loess in age and is interpreted as Iowan. 
Tributaries of the Little Sioux from the Iowan Drift Region 
All the tributary valleys of the Little Sioux from the west, be-
tween Spencer and Cherokee, drain the Iowan region and did not re-
ceive drainage from the Wisconsin ice, and yet these :valleys in Clay, 
O'Brien and Cherokee counties contain prominent gravel deposits, 
which continue in ' some cases to the heads of small valleys, whether. 
these head northward or to the. east or to the west toward some of the 
interstream divides. 
Willow Creek.-The first creek of importance which joins ·the Little 
Sioux from the west, south of Spencer, is Willow creek. ' Along its lower 
course in section 7, Herdland township, O'Brien county, there is a fresh 
, . 
GR,f. VELS IN WATERMAN VALLEY 
gravel deposit covering a large area and forming benches about 30 feet 
above the creek and 35 to 40 t"eet above Little Sioux rivet:. An analysis 
of pebbles showed the presence of 72 per cent sedimentary rocks, all of 
w:hich were limestone. ·These gravels are too far from the mouth 'of the 
valley to have-washed back from' the Little Sioux and therefore are not 
of Wisconsin age. They were derived from the Iowan region possibly 
during the Wisconsin epoch, for the elevation of the bench accords with 
that in the Little Sioux ~alley. 
Waterman and Murry Creeks.~In its upper course the valley of Water-
man creek, which drains eastern O'Brien county, is a broad sag 15 to 20 
feet below the general level, but it deepens within a short distance, so that 
.in its lower course it is more than 100 feet below the upland. In western 
Omega tqwnship there is a gravel bench 15 to 20 feet above the valley 
bottom, and gravel extends down to water level. The altitude of this 
bench above the stream increases greatly to the south ' so that in central 
Grant township it is 70 feet and near the mouth of Waterman creek more 
than 100 feet above the stream. Here it unites with the high-level bench 
of the Little Sioux valley. The relation of the slope of the terrace and 
the gradient of the creek is shown in figure 21. In Grant and Waterman 
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F,G. 21.-Profiles ·along Waterman creek valley from west of Hartley to its mouth, showing, 
A-B, the gradient of the stream, and, C-D, the gradient of the terrace. 
townships the terraces have ' considerable area and the gravel in most of 
them is 20 to 30 feet thick. Waterman creek and its tributaries have cut 
narrow, steep-sided valleys in the gravel-covered area, leaving level-topped 
spurs extending out toward the creek from either side and making a very 
rugged topography. The ,gravel material is very uniform, consisting of 
fine gravel wtth pebbles .and small cobbles. The sand is coarse- or medium-
grained, subangular, arid the larger grains are dominantly limestone and 
the smaller grains dominantly quartz. . 
Murry creek is a tributary of Waterman creek. It heads on the east 
slope of the high divide of O'Brien county, a mile north of Sutherland,' and 
flows south of east to Waterman creek. Its entire length is only about 10 
miles. Along its upper course at Sutherland there are several gravel 
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pits exposing 10 to 15 feet 'of fresh gravel which rests on glacial till and 
is overlain by two to three feet of loesslike clay (1eacl~ed loess). At 
Sutherland the gravel terrace is only 15 feet above the stream, but to the 
east its altitude increases as the stream descends, until at the mouth of the 
creek the terrace merges with the high-level benches of the Waterman an~ 
Little Sioux valleys at 110 feet above the valley bed. The terrace in this 
distance .drops 100 feet while the stream drops 200 feet. The slope of the 
terrace and the gradient of the stream are shown in figure 22. 
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FIG 2Z,-Profiles a long Murry creek valley from Sutherland to its mouth, showing, A-B, the 
gradient of the creek, and, C-D, the gradient of the terrace. 
This valley furnishes one of the best examples of the way the gravels 
exist in small valleys well out on the upland only a mile or so from the head 
of , the stream. It furnishes very positive evidence against the hypothesi~ 
of overwash from the Wisconsin ice margin to the north. The stream 
heads <;m a north-south divide and numerous streams flowing to the east 
and west drain the divide farther north. If water could have ' passed over 
the high divide south of Ocheyedan river, it would have been carried 
away either to the east or west by some one of a dozen valleys to the north 
of Sutherland. The 'altitude of the gravels at Sutherland is 1415to 1420 
feet above sea level. They are on the slopes of the highest watershed of 
northwestern Iowa. . 
'Mill Creek.-Mill creek, with its tributaries, drains central and southern 
O'Brien county and central northern Cherokee county. The territory 
which it drains in its upper part ,is quite level but farther ' south its basin is 
more rolling, and in northern Cherokee county it is rather rugged. Mill 
creek did not receive drainage from the Wisconsin ice, for its headwaters 
are all south of the high divide of southern Osceola county and 'their 
gathering grounds are limited on the north by the headwaters of Floyd 
r'iver and Waterman creek. However, the valleys of Mill creek and its 
tributaries contain gravel, which in many 'cases extends nearly to their 
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heads on the upland. This applies to creeks heading east anti west on the 
intervalley d~vides as well as to those heading northward. 
Three miles west of Primghar several branches of Mill creek unite, and 
at their union there is an almost level area covering several square miles 
which appears to be underlain with gravel. The area is not absolutely 
flat but rises gradually away from the creek a.nd its boundary is in some 
places quite ind.efinite. It has an altitude of about 15 feet above ,the creek 
but is not a definite terrace. Projections of this area extend up stream 
courses to the northwest, north and northeast, and it continues south 
beyond the center of Dale township. Wells near the quarter-corners on 
the south of section 33 and the east of section 32, Summit township; are 
20 feet deep in sand and 'gravel and one at the quarter-corner on the 
.south of 29 is said to be 40 '.feet deep and all in gravel. 
An east branch of Mill creek heads about two miles northeast of Prim-
ghar and flows southwest through northwestern Highland and eastern Dale 
townships. In sections 6 and 7 of Highland township, only a few miles 
from its head, this valley contains fl. gravel deposit with distinct benches 
15 feet above the creek. Two gravel 'pits ~n these benches show seven to 
eight feet of fine gravel and sand, overlain by two to four feet of leached 
loesslike clay. The stream has cut through the gravel, exposing the till 
beneath. Benches are found farther down 'the valley through Dale town-
ship, as in the southwest corner of section 13 and at the northwest corner 
of section 26. 
Near Paullina in Union township the benches are 20 to 25 feet above 
Mill creek;, and there are numerous exposures of gravel along the main 
valley and in the lower courses of tributaries. The gradient of Mill creek 
is greater than the slope of the terrace level and the elevation of the 
benches above the creek increases southward as shown in figure 23. 
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FI G. 23,-Profiles along Mill creek valley from central O'Brien county to its mouth showing, 
A-B, the gradient of the stream, and, C,-D, the gradient of the terrage, 
In section 28, Union township, there is alarge exposure in a bench 40 
to 45 feet above the stream. In part of the exposure the gravel apparently 
extends to the water level, but elsewhere it is underlain by about 10 feet of 
indefinite gray to brown silt or clay which rests on brownish yellow till, 
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apparently :Kansan. This clay material is probably the Loveland horizon. 
The gravel here is fresh fine gravel with much sand and is overlain by 
three to four feet of loesslike clay. On the south side of the , valley lin 
the west part of section 34 the bench is about 50' feet above the creek 
. (figure 23). The gravel horizon consists of 35 to 40 feet of fresh coarse 
sand with pebbles and cobbles scattered through it. It is overlain by four 
to six feet of loesslike clay and overlies till which rises six feet above the 
stream. 
Willow and Nelson creeks head in Liberty township north of Calumet, 
flow westward into Union township, tura southward, unite, and join 
MiU ,creek just beyond the county line. Willow creek has a number of 
, gravel hills along its slopes in Liberty township (pages 93 to 96) , but it 
does not have a prominent valley-gravel deposit. Below the turn to the 
south 'in eastern Union township gravel benches are common along these 
creeks, especially in sections ' 25, 26 and 36. On the south line of section 
24 a pit shows five feet of very fresh fine gravel, and a well on the bench 
along Nelson creek in the southwest quartet of section 23 penetrated 20 
feet of sand and gravel. A low area connects Nelson creek valley in the 
west part of section 23 with Mill creek valley in the south part of section 
1$. It suggests an old water course, but the surface is undulating and 
. does not appear to be underlain with gravel. 
Farther south in Cherokee county the quantity of gravel material along 
Mill creek is larger, although the benches have small areal extent and are 
, by no means continuous. The original width of the aggraded flat, as shown 
in figure 24, was about one mile, but much of this area has been cut out and 
is now in steep slopes or narrow flqod plain. The' altitude of'the benches 
above the ' creek increases southward (figure 23), so that on the south line 
of Cedar township they are' 75 to 80 fe~t above the creek and near the ' 
mouth of the valley they stand almost 100 feet above the stream. /fhe 
creek winds back anp forth from side to side of the valley, undercutting 
first one bank and then the other, and the gravel areas on the inner curves 
of the creek are found successively on alternate sides ' along the valley. r 
The Mill creek bench extends into the lower course of a tributary val ey 
in the northeast quarter of section 10 and the east half of section,3, 
Cherokee township, and from this valley a prong of the bench extends 
,southeast across · the northwest quarter of section 11 to the Little Sioux 
bench (figure 24). At the time' of maximum aggradation this prong 
(s~p'arated. an area of upland ~n the southwest part of section 11 and the 
.northwest part of section 14 from the upland to the north . 
. ' Minor Tributaries' in Cherokee County.-In section 11, Spring town- . 
ship, in the northeast corner of Cherokee county, a small creek enters the 
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Little Sioux from the east, and in · the northwest .quarter of section 12 
there are, benches along this valley lOS to 110' feet above the creek. The 
material ' exposed is relatively fresh ' sand ~ith pebbles, has a thickness of · 
FlG. 'Z4.-Map of a part of norther·n Cherokee county showing by the shaded area the ariginal 
extent of the aggraded flat · of Mill creek. Part of this area remain,; as terrace and 
, part has been cut out and now exists as steep slopes or flood plain. ·)" , 
(' 
10 to 20 feet, and rysts 0~ till. A thin 1ayer of gravel was sllen on the 
slope of this valJey -pear . its head tw~ miles farther east, in the northeast 
quart~r of. section, 7, Brooke township, Buena Vista county. 
Most of the east half of section 16, Spring township, is a terrace 110 
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feet above the Little Sioll:l~:, and a projection of this extends east up a 
valley through section 15. The creek flowing southward through sections 
18 and 19 of Spring township ~s bordered by benches 65 feet above the 
creek, "and the gravel, which is 20 to 30 feet thick, rests on till. Gravel 
benches exist also along the valley in sections 24 and 25, Cedar township, 
especially in its lower part, where they become continuous with the bench 
of the Little Sioux valley. In Cherokee township there are gravel deposits 
in tributary valleys in sections 1 and 13. 
In Pilot township two small creek valleys from the east contain notable 
gravel and silt deposits. One of these is in sections 10 and 11 and the 
other 'in the north parts of sections 22 and 23. The higher terrace of the 
Little Sioux valley continues into the lower end of the valley in section 10 
and is represented in this valley by gravel benches almost to the township 
corner. In most of the exposures the material is clean fi~e gravel and 
quartz sand, but at some places deposits of silty sand and iron-stained 
silty material are present. In the lower part of the vaHey the gravel and 
silt deposit rests on Nebraskan till, but in the upper course of the valley · 
it rests on Kansan till. 
The higher bench of the Little Sioux valley also extends into the mouth 
of the tributary valley in the north part of section 22 and is marked by 
small benches on the valley sides eastward beyond the central line of sec-
tion 23. At the mouth of the valley the terrac~ is 80 feet above the creek, 
but the gradient of the creek bed is so great that a mile east the benches 
are only 15 feet above the stream. In this distance the terrace rises 25 
feet but the creek rises 90 feet. Where the valley crosses the quarter-
seCtion line of section 23 the gravel rests on Kansan till, which in turn 
rests on Nebraskan till, but farther down the valley the Kansan till is 
absent arid the valley-filling rests on the Nebraskan. ' 
These two valleys of Pilot township are just outside the Iowan drift 
region but received Iowan drainage. Because of the bearing of the deposits , 
in the valleys on the question of the location of the Iowan boundary they 
were fully discussed on pages 72 to 77. " 
All the tributaries of the Little Sioux from the west between 
Spencer and Cherokee and the minor tributaries from the east in 
northeastern Cherokee county drain the Iowan drift region, and the 
gravels are interpreted as outwash from the Iowan ice sheet, col-
lected into the valleys which had been but slightly modified ~y the 
thin veneer of Iowan drift. 'In some places, as in the bluffs of Mill 
, creek in section 14 of Cherokee township north of, Cherokee (pages 
84 to 87) and in th~ gravel pits of the same section (page 57), the 
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gravels are interbedded with the till, showing an oscillation of the edge 
. of the ice sheet during the time of gravel accumulation. Mill creek 
and Waterman creek furnish the greatest examples of gravel deposits 
in the Iowan drift region. 
Tributaries of the Little Sioux in the Kansan Drift Region 
Through Cherokee and W oodbui:y counties, outside the Iowan boun-
dary, there are many small valleys, tributary to the Little Sioux, that 
have gravel in their lower courses. In general the benches of these 
valleys are continuous with those of the Little Sioux valley. In $ome 
cases the gravel may have been carried into the tributary valleys from 
the main valley, but in most cases it continues too far up the tributary 
valleys to have been derived in this way. 
, In Cherokee township there are gravel deposits in the valley from the 
northwest at Cherokee as far up as the central part of section 21 and in 
the valley which enters from the northwest just south of Cherokee. The 
higher bench of the Little Sioux valley continues into both of these valleys. 
These two small valleys are not far beyond the Iowan drift boundary as 
mapped, and there are some exposures in section 28 (page 129), sug-
gesting that the Iowan ice sheet may have crossed Mill creek and occupied 
the central part of Cherokee township. Such an extension would account , 
for the gravels of these two valleys as Iowan. However, there are other 
valley gravels in the Kansan region farther southwest which could not 
have been supplied by any possible extension of the Iowan region. 
In the lower course of Parry creek, which drains the western part of 
Pilot township, there are a few benches high up on the slopes about 70 
feet above the creek and about 35 feet above the lower terrace in the Little 
Sioux valley. Benches are found at intervals farther up the valley. Rock 
creek, which joins the Little Sioux north of the center of Willow township, 
also has along its lower course benches which are continuous with high, 
narrow benches along the Little Sioux valley to the north and south. These 
are present at intervals up the valley to the center of Rock township and 
decrease in altitude until they are only 15 feet above the creek. 
Opposite Correctionville, in northeastern Woodbury county, the high-
level bench of the Little Sioux valley, 80 feet above the river, continues 
into the lower end of Pierson creek valley. A gravel pit in this bench at the 
nortl1west corner of section 34, Union township, at the mouth of the valley, 
showed 23 feet of fine-grained gravel and sand. The Walsh Brothers' pit 
near the center of the southeast quarter of section 28, half a mile within 
the valley, showed 25 feet of gravel overlain by four feet of fine sand and 
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above this about three feet of leached loess. An abandoned pit at the cen-
, ter· of section 20, three miles within the valley, showed 10 feet of gravel 
over blue Kansan till and overlain by three to five feet of sand and sandy 
clay. Benches of gravel continue up the west branch of the creek to 
Pierson and are present in the lower course of the north branch. The 
material exposed in these pits is almost entirely clean quartz sand and fine 
gravel and is more worn than are the valley gravels farther north. Four 
analysei3 of pebbles from this valley show an average of 47 per cent igneous 
rocks, which is 10 per cent higher than the average of all valley gravels, and 
the sand averages about 95 per cent quartz grains. There are small snail 
shells in the gravel, and the pits in sections 34 and 28 have yielded some 
vertebrate remains (page 165). 
The material overlying the gravel of the benches in the lower course of 
Pierson creek valley is not usually distinctive loess, but leached loess over-
ljes the gravel at the Walsh pit and the sand and sandy clay of other 
exposures is undoubtedly the time' equivalent of the loess. The stratigraph-
ical position of the gravel below the loess is well shown on the north' l~ne 
of section 20 where a gully on the west 'slope of the north branch of the 
creek snows seven feet of loess, the upper three feet of which is leached, 
Qverlying 20 feet of gravel. The continuity of this gravel with that farther 
down the valley cannot be questioned, as this exposure is only half a mile . 
from the pit exposure of section 20. 
These tributary valleys south of Cherokee are entirely in the Kan-
san drift region and such deposits as they con!ain must have been de-
rived from the Kansan drift. The gravels and the benches of these 
valleys are continuous with those of the Little Sioux valley and ap-
parently were deposited at the same time. 
Maple River Drainage Basin 
Maple river ~eads in northeastern Cherokee county and flows south-
ward through eastern Cherokee and Ida counties to Ida Grove. Here 
it changes direction to southwest and holds this course to its ' union 
with the Little Sioux southeast of Onawa. In eastern Cherokee coun-
ty this river has a broad upland valley with a large flat, much of which 
is overflowed by the river at times of high water. In northeastern 
Ida county the valley 'becomes deeper where it enters the more· rugged 
part of the KClnsan drift r~gion and from here southward it is a broad, 
open valley more than 100 feet deep. 
The broad valley of Maple river through eastern Cherokee county prob~ 
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ably is underlain with gravel material, but the river has only a shallow 
channel and gravel was seen at only a few places. In Galva township of 
northeastern Ida county, gravel was seen in benches at the northwest corner 
of section 10 and in sections 22, 27 and 34. The valley joining Maple 
river valley at Galva is bordered by gravel benches through the north part 
of sectipn 23, and a p~t just north of Galva shows 10 feet of clean ,gravel 
and sand overlain by five feet of yellow loesslike clay or leached loess. 
AtJda Grove, Maple river is joined,by Odebolt creek from the east. On 
the south side of the latter, in the west part of section 19, Blain township, 
there is an exposure of about 15 feet of sand with a few pebbles, and there 
is an abandoned gravel pit just northeast of the railway station at Ida 
Grove. · 
- The headwaters of Maple river are entirely within the 'Iowan drift 
region and separated from the Wisconsin drift region by the high 
north-south divide of western Buena Vista county. No Wisconsin 
drainage could possibly have entered the valley. From section 20, 
Pitcher township, Cherokee county, to Galva in northeastern Ida coun-
ty, a distance of 13 miles, the Iowan boundary is mapped along the 
east side of Maple river. From Galva to Ida Grove the valley is out 
in the Kansan region, but its tributaries from the east head in the 
Iowan region. Southwest of Ida Grove the basin is ent'irely in the 
Kansan region. I The gravels of the Maple river basin are, therefore, 
assigned to the Iowan outwash in large part. The gravels in some 
tributary valleys southwest of Ida Grove, which drain only the Kan-
san region, must have been derived from the Kansan. 
Boyer River Drainage Basin 
Boyer river heads southwest of Storm lake in southern Buena Vista 
county and flows east of south to southern Sac county. In this por-
tion ~f its course it is four to six miles west of the Wis~onsin drift 
margin and received drainage from the Wisconsin ice by a bre·ak 
through the divide to the east just north of the Buena Vista-Sac 
county line and by the Wall lake outlet south of the town of Wall 
Lake. From southern' Sac county, Boyer river flows southwest across 
Crawford and Harrison counties to Missouri river. 
The headwaters of Boyer river above Early occupy broad, upland valleys, 
characteristic of the Iowan drift region. Flat areas, that apparently are 
underlain with gravel, are found along the valleys of Eden township, but 
the streams haye cut only shallow channels into them and exposures are 
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few. In Boyer Valley and Clinton townships the valley is deeper. Grave,l 
deposits were seen at a few places and may be of either Iowan or Wiscon-
sin age. In southern Clinton and northern Levey townships, near the 
Iowan boundary, the valley contains gravel benches, probably of Iowan 
gravels. . 
The Wall lake outlet connects the Boyer valley with the Wisconsin 
plain and with a great gravel deposit of Wisconsin age at the west end of 
Wall lake. The bottom of the outlet is a swampy flat, projections of which 
extend up small tributaries of the Boyer into northwest Levey township. 
Southwest of the Wall lake outlet, across Crawford county, the Boyer 
valley has steep slopes and a flat bottom which is at flood-plain level, and 
is in most places one-half to one mile wide. At a few places, especially 
at the mouths of tributary valleys, there are benches that look like remnants 
of a former valley filling. 
In a recent report on the Geology of Crawford county,51 Doctor 
Lees shows that gravels have a wide distribution in the valleys of 
Crawford county (pp. 328-338 and map, p. 362). They are present 
on the lower slopes of the valleys where they at places form benches 
and they exist over the upper slopes at places even to the upland level. 
They are on the slopes of a topography which is cut into the Kansan 
drift and are overlain by the loess mantle. As in the region farther 
north, they are present both in the large valleys that cross the county 
and carried drainage from the Iowan drift region, such as the Boyer 
valley, and in many of the smaller valleys that head out on the divides 
of the Kansan region. Their presence in these smaller 'valleys which 
are entirely in the Kansan region far beyond the Iowan boundary 
gives further evidence that the valley gravels were in part 'derived by 
the erosion of 'the Kansan till, as discussed on pages 168 to 170. 
FOSSILS FROM THE VALLEY GRAVELS 
The valley gravels, especially in the southern part of the area, have 
yielded some fossil remains. These include both vertebrates and mol-
lusks. 
The two deep pits just northeast of LeMars (pages 147 to 148) 
have yielded a number of bones. They were brought up by the dredge 
scoop and are said to come from different depths. Among the mate-
rial from these pits are elephant tusks and teeth, part of a pelvic girdle 
of an elephant, deer horns, horse teeth ' and a number of unidentified 
51 Iowa Geol. Survey, Vol. XXXII, 'pp. 241·362, 1927. 
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leg bones and vertebrre. Remains, chiefly deer horns, limb bones and 
vertebrre have been obtained also from the Erdman pit in the Floyd 
river valley in the northwest part of LeMars (page 147) and from the 
pit operated by C. H. Grimes in Deep creek valley one mile east of 
Oyens (page 147) . 
From the pit of the Cherokee Sand and Gravel Company north of 
Cherokee a tooth of Elephas columbi, an elephant tusk, and various 
small bone fragments have been taken. 
Two specimens obtained from the pit of the Walsh Brothers in 
Pierson creek valley west of Correctionville were identified by Dr. 
O. P. Hay52 as "a horn core and the base of a skull of a bison, both be-
longing to Bison occidentalis." The writer examined a large probos-
cidian tooth, a horn core, a horse tooth and some pieces of unidentified 
bones which were taken from the gravel pit of Paul Fleming, at the 
mouth of Pierson creek valley. A few miles soud). of C'orrectionville, 
within the Little Sioux valley, is the Gilleas gravel pit, from which a 
"buffalo head", deer horns, a worn tooth of Elephas primigenius and 
various bone fragments have been taken. 
Some proboscidian bones have been found in the gravel deposit 
of Rbck river at Rock Rapids. This locality is well out in the Kansan 
drift area, but the valley carried both Iowan and Wisconsin drainage. 
The bones found in the gravels of northwestern Iowa are, so far as 
known, . all isolated finds and many of the" bones are worn. No com-
plete skeletons have been found. The evidence is not such as to prove 
that the animals lived while the gravel was accumulating, although 
probably this was _true . 
. Small snail shells were found in the gravel at several places in the 
southern part of the area, mostly in the tributary valleys of the Little 
Sioux at or near their union with the main valley. They were found 
in coarse sand and fine gravel as well as in silty sand and silt deposits. 
In the creek valley in the northeast quarter of section 11, Pilot town-
ship, Cherokee county, gastropod shells were found in fresh coarse 
sand in a railway cut. In the next creek valley to the south, 'in the 
northeast quarter of section 22, small gastropod shells were found in 
a compact silt that forms part of the valley filling. 
The gravel in the Paul Fleming pit at the mouth of Pierson creek, 
opposite Correctionville, contains many snail shells. At least five spe-
52 Iowa Geol. Survey, Vol. XXIII, p. 74, 1914. 
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cies were collected here, although most of the shells belonged to one . 
species. 
South ' of our area, in Crawford county, shell-bearing gravels were 
found in two tributary valleys of the Boyer. Along Porter creek in 
Stockholm township, north of .the village of Boyer, there is a gravel 
deposit which forms benches 30 to 40 feet above the creek, and snail 
shells were found at several places in the fresh sand and fine gravel 
in these benches. At the lower end of the valley just southwest of 
Boyer, mussel shells (unios) were found in a brownish yellow to blue-
gray silt zone. Farther south in the southwest part of section 6, \Vash-
ington township, just above the mouth 9f the valley of Buck creek, 
which joins the Boyer near Arion, there is a bed of fresh, clean gravel 
which contains many gastropod shells. The zone is part of a 30-foot 
bank of sand and gravel which is overlain by fossiliferous loess. 
, All the gravels containing molluscan fossils and practically all those 
containing vertebrates lie outside the Iowan drift area. None of the 
gravels of the northern part of our area are fossiliferous. The depos-
its along Mill creek and elsewhere were examined carefully for fo~sils 
but none was found. South of Cherokee within two miles of the 
Iowan drift boundary fossiliferous gravels wer~ found and at ihany 
places to the south. The gravels deposited by the waters flowing out 
from the Wisconsin ice sheet and the Iowan gravels deposited within 
the. Iowan drift area evidently accumulated under conditions unfavor-
able for the gastropod fauna. 
ORIGIN AND AGE OF THE VALLEY. GRAVELS 
The term valley gravels is intended particularly for those gravels 
which occupy valleys in the Iowan drift area and are of Iowan age. 
In those valleys of the Iowan area that head back into the Wisconsin 
drift region and which, therefore, carried drainage from the Wiscon-
sin ice front, there, may al~o be gravels of vVisconsin age, but it was not 
possible in most cases to distinguish the two types. Further, there are 
similar gravels in many valleys of the Kansan drift region which 
could not have been reached by drainage from the Iowan or the Wis-
consin ice sheets and which, therefore, must have originated in some 
manner within the Kansan area. In ' the above discussion of the dis-
tribution of the gravels, all gravels occupying ,valleys have been treated, 
and in most of those cases in which valleys must have received drainage 
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from two ice sheets it was not possible to differentiate the gravels of 
different ages. 
In the Iowan dri ft region most of the ' gravels probably rest on 
Io~an till, although it is not as a rule possible to distinguish this till 
from the Kansan. ' In the valleys of the Kansan drift area the gravels 
rest on the Kansan till, except where the Kansan till had been entirely 
re~oved at the time of gravel deposition, as in the Little Sioux valley 
and the lower courses of some of its tributaries, in which case they rest 
on the Nebraskan till. 
In composition the gravels are like those of the clay-ball hills (pages 
90 to 102) and the inclosed gravel masses (pages 111 to 115) anddosely 
r-esemble the pebbles that may be picked from the Iowan and Kansan 
tills. Clay-balls and shale pebbles are not common, as they are in the 
.gravels of the gravel hills, indicating that the valley gravels were sub-
jected to some transportation; and yet they were not transported far 
enough to wear out the limestones or to round the pebbles, most of 
which are subimgular. Masses of Iowan till included in some of the 
gravel deposits, as in the gravel pits north of Cherokee (page 57), show 
that in ' these cases the Iowan ice was near. The composition is dis-
tinctly against an interglacial age. 
, The , gravels of both the Iowan and the Kansan drift regions are 
generally overlain by pebble less loesslike clay which is continuous with 
a similar . deposit over the upland. In the west and southwest parts 
of the area studied, this deposit over the upland is the undQubted loess; 
and over the ,remainder of the Kansan drift and over the Iowan drift 
this deposit, although thinner and in many places leached for its en-
tire thickness, is the time equivalent of the loess (page 120). The 
loesslike clay apparently was deposited soon after the gra~els, for 
the top of the gravel deposit does not show the least indicatiot; ofa 
weathered zone. In fact it appears that there was a transition from 
gravel deposition to deposition of loess like clay, for there is at many 
places alternation of the two materials near the contact and a recur-
rence of sand and pebble bands in the 'lower 12 to 18 inches of the 
loesslike .clay. The lower part of this loesslike clay shows banding 
in some exposures and must be water laid. The upper part must be 
eolian, a method of origin which would accord better with its tex-
ture and its general lack of bedding. The gravels apparently were 
deposited just before the formation of th~ Peorian loess. 
.1 
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Most of these valley gravels of northwestern Iowa were interpreted 
as Wisconsin gravels by Macbride and Wilder. At first they were in-
terpretedas being largely within the area of the Wisconsin drift, the 
boundary of that drift sheet being placed far enough southwest to 
include O'Brien county. Later, when the Wisconsin drift boundary 
was shifted to the Ocheyedan-Little Sioux course, the gravels of the 
extra-morainic region were interpreted as being due to waters which 
broke over the great divide and flooded the country to the southwest. 
With the margin located across Sac, Buena Vista, Clay, Dickinson and 
Osceola counties as described in the report of 1917,53 it is possible to 
determine which streams could have received drainage from the Wis-
consin ice. These are Big Sioux river; Rock river and its tributary, 
Little Rock river, with Otter creek; Little Sioux river and its tribu-
tary, Ocheyedan river; with the Little Ocheyedan; and Boyer river. The 
drainage courses of Floyd river, Mill creek, Waterman creek, Maple 
river and others which contain valley gravels could not have received 
Wisconsin drainage. Therefore, from the viewpoint of the possible 
distribution of Wisconsin outwash, the valley gravels could not all be 
of Wisconsin age. 
The great bulk of the valley gravels are here interpreted as of Iowan 
age,. deposited by the waters flowing out from the retreating Iowan ice 
front. The valleys had not been obliterated by the thin sheet of Iowan 
till (page 41) and from the beginning were stream courses and sites 
of deposition for the overloaded glacial waters. Where the waters 
passed beyond the Iowan drift area and deposited material in the val- . 
leys of the Kansan drift area the deposits occupy true erosion valleys 
and rest on either Kansan or Nebraskan till. This explanation applies 
to all the gravels in valleys that carried the drainage from the Iowan ice 
sheet. 
The gravels in those valleys of the Kansan area that could not have 
received drainage from the Iowan ice sheet are more difficult to inter.., 
pret. In general characteristics they are like those of the Iowan area 
and are overlain by the same loess deposit. Further,the benches 
formed by the gravels in those valleys of the Kansan area that did not 
carry Iowan drainage connect exactly with the benches in the main 
valleys that did carry Iowan drainage and these ' latter benches con-
tinue up the main valleys into the Iowan area. It appears, therefore, 
68 Iowa Geol. Survey, Vol. XXVI, pp. 255-293, 1917. 
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that the valley gravels and the resulting benches of the -Iowan and the 
Kansan regions are of the same age. 
The only difference of any significance noted for the gravels in 
those 'valleys of the Kansan area that did not receive Iowan drainage 
is that they contain a somewhat larger percentage of the more resistant 
kinds of pebbles. Thirteen analyses of pebbles from benches in val-
leys that are entirely in the Kansan drift average 47 per cent igneous 
rocks, while 42 an~lyses of pebbles from the valley gravels' of the 
Iowan drift area average only 27 per cent igneous. There is also a 
larger percentage of the resistant types of sedimentary rocks in the 
analyses from the Kansan drift region, where quartzites average 7 
per cent and cherts 4 per cent, while in ' the analyses from ' the Iowan 
drift area each of these types averages only 1 per cent. The sand 
likewise contains only the more resistant material, about 95 per cent of 
it being quartz grains. This all shows a greater amount of transpor-
tation and wear for this gravel of the Kansan region. 
It is believed that this gravel, in valleys of the Kansan region that 
were not reached by drainage from the Iowan ice sheet, was derived 
from the Kansan till, from which it was released by erosion, and that 
it collected in the valleys ' as the finer material was carried beyond the . 
region. The conditions under which fresh, unleached gravels would 
accumulate so widely in erosional valleys are not well understood. They 
may be climatic and associated with the decreased vegetation and 
increased erosiort of the Iowan ice age, during which, although the . 
ice did not actually cover the region, its climatic effects were strongly 
felt. . This would explain the agreement of bench levels and the con-
tinuity of the gravels and overlying loess of the two types of gravels, 
which indicate that they Were being accumulated at the same time. 
That is, the gravels released ~y erosion of Kansan till were being de-
posited in the tributary valleys while the main valleys were being ag-
graded by Iowan outwash. Of course, if this origin is applicable for 
those gravels of the valleys of the Kansan region which were not 
reached by the Iowan drainage, the same origin must hold for some of 
the gravels in those main valleys of the Kansan region which also car-
ried Iowan drainage. 
By this interpretation the accumulation of the gravels came after the 
uplift of the postulated gumbotil plain and after its erosion to a st~ge 
which had removed all remnants of the gumbotil and leached zones. 
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In the valleys there then accumulated the valley gravels. No leaching 
of the underlying till took place before the gr~vels were deposited and 
no leaching of the gravels took place before the deposition of the overly-
ing loess. The gravels were derived largely from unleached 'materials 
and accumulated relatively rapidly, for they are not leached, as , is 
commonly true of gravels that accumulate slowly duting an interglacial 
age. If these gravels were derived from the Kansan till by erosion 
and removal of the finer material as here outlined, they are remarkably 
fresh and unaltered for such an origin, since they cannot be distin-
guished from those of the Iowan region which are. interpreted as out-
wash gravels. Perhaps . this gravel accumulation was an incident of 
the declining stage of a period of more rapid, active erosion of the 
Kansan region during the Iowan ice age. 
CHAPTER VI 
ANALYSES OF PEBBLES 
During the progress of the work in: northwestern Iowa about 200 
analyses of pebbles from the several types of gravels were made. The 
method followed was to count out 100 pebbles just as they came from 
the gravel, ta.king all those above one-fourth inch and under two 
inches in diameter. These were then classified according to certain 
s~lected rock types and the percentages of the several types determined, 
as shown in the following tables'. 
These analyses were made -with the hope that a composition basis 
might be found for the separation of the several types of gravels, but 
the analyses from these several types are ,so similar that they cannot 
be used for this purpose. The variations within one type are commonly 
greater than the differences between the averages for the several types. , 
There are, however, a few distinctive characteristics, such as the pres-
ence of clay-balls in the gravels of the gravel hills, which can be used 
with a fair degree of accuracy in the differentiation of certain types of 
gravels. The study was, on the whole, so inconclusive that the data 
were not included in the report of 1917. The tabulated analyses are 
here presented for what value they may have. ' They should be of some 
assistance to anyone who contemplates a similar study in this region 
or elsewhere. 
Tables of Analyses of Pebbles 
For convenience of comparison the analyses of the several types are 
brought together here in one s~ction rather than distributed through 
the report where the several types of gravels are described and inter-
preted. In the tables which follow, the analyses are grouped according 
, to type of deposit, but a few of the placings are somewhat questionable. 
, A number of the analyses made are not included in the tables because 
they could not be definitely placed in one of the several types of depos-
its indicated by the headings of the several tables. 
One hundred sixty-two analyses of pebbles are here tabulated. They 
are grouped in eight tables which represent eight more or less definite 
types of gravels. The last column of each tab~e gives the aven~ge for 
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Granite-syenite 
-----
13 14 :~\ 24 26 28 17 19 26 20 14 27 18 23 19 20 Diorite-gab.bro 
- ----
2 2 8 
--
3 2 3 2 
-- --
I 6 1 2 2 
Basalt 
-------------
10 5 121 16 5 6 9 14 6 12 15 3 4 6 7 9 
Quartz 
--- ---------
2 1 3 1 1 2 2 
--
I 
--
3 4 3 1 2 2 
Miscel. igneous 
----
2 4 4 2 
--
2 1 
-- --
2 
-- --
3 
--
15 2 
Total igneous 
------
29 26 32 51 32 41 31 36 35 34 32 35 34 31 45 35 
Quartzite 
----------
3 3 10 
--
4 
--
4 2 6 
-- -- --
3 1 2 3 
Chert and flint 
-----
1 2 
-- --
I 2 1 ' 3 I 
-- --
3 1 1 1 1 
Limestone and dolo-
mite 
-------------
66 60 55 47 59 50 54 57 57 45 64 57 61 58 40 55 
Shale 
-------------- --
9 
-- --
I 5 
--
2 
--
I 
--
I . 1 5 5 2 
Sandstone 
-------- -
1 
--
3 
-- -- -- -- -- -- -- -- -- -- --
I 0 
Clay-balls ---------7) -- -- -- -- -- -- 9 -- -- 17 -- -- -- I 5~1 2 Miscel. sedimentary __ -- -- 2 3 ~ 1 -- I 3 4 4 -- 3 2 Total sedimentary __ 71 74 68 49 68 59 69 64 65 66 68 65 66 69 65 
the analyses of that table, using the nearest unit number. Table IX 
presents a summary of the averages of the eight types represented 
by the eight tables. 
The several rock types selected for the classifi.c"ation are quite ,gen-
eral divisions and the determinations were made in the field from the 
freshly broken pebbles. The granite-syenite division is almost entirely 
granite but might include any light-colored coarse-grained igneous 
rock. Likewise the diorite-gabbro division might it;lclude any dark-
colored fine-grained igneous rocks. The light-colored fine-grained 
igneous rocks are very rare and are included in the miscellaneous 
igneous. The quartz pebbles are included in the total igneous. Only 
an occasional pebble of gneiss or schist was found and these are in-
chIded with the miscellaneous igneous. The quartzite pebbles are in-
cluded in the total sedimentary. 
The gravels of northwestern Iowa are, in general, quite fresh and 
unaltered. This is, of course, ' in keeping with the general freshness of 
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TABLE II 
Analyses of Pebbles from Valley Gravels of the Wisconsin Region 
Granite-syenite _____________________ _ 
Diorite-gabbro _____________________ _ 
Basalt _____________________________ _ 
<)uartz , _____________________ ~ _______ _ 
25 31 23 14 29 
2 1 1 
11 8 11 13 
2 2 1 
23 :~12i 37 31 4 2 
8 5\ 4 5 6 1 1 1 Miscel. igneous _____________________ _ 1 2 1 1 1 2 2 
Total igneous __________ :. ___________ _ 39 36 33 27 44 37 26 33 46 39 <)uartzite __________________________ _ 6 1 2 5 8 5 3 1 Chert and flint _____________________ _ 1 3 1 
Limestone and dolomite ____________ _ 55 58 65 65 46 53 52 59 50 53 Shale ______________________________ _ 4 19 2 1 6 Sandstone __________________________ _ 2 1 1 Clay-balls __ ~ _______________ , ________ _ 
Miscel'. sedimentary _________________ _ 
Total sedimentary __________________ _ 
the tills. In practically all the analyses limest<?ne and dolomite domi-
nate, being about one-half of the whole, and are almost entirely gray 
compact stone. Other types of sedimentary' rocks are not common, 
sandstone 'and shale being almost negligible. The second most abun-
dant type is granite, which constitutes about one-fourth of the whole 
and is dominantly pink in color. Basalt, including greenstone, com-
monly forms about 10 per cent, and other igneous rocks are not 
common. 
Table I gives the analyses of pebbles from till or gravel :within the 
Wisconsin region. The first three ' analyses Of this table are. of peb-
bles taken directly from the Wisconsin till; the remainder are of peb-
bles from gravel deposits associate4 with the till but do not include 
gravels in valleys. Table II records the analyses from gravels in 
valleys of the Wisconsin region, and Table III includes the analyses 
from gravels of probable Wisconsin age in valleys beyond the Wis-
cons in boundary. Tables I, II andIII include all the analyses of. grav-, 
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els interpreted as Wisconsin in age. The average of " the 43 analyses 
of these three tables is given in column 3a of Table IX. It shows no 
distinctive differences from "the gravels of the Iowan or Kansan 
regions. 
Table IV gives the analyses of the pebbles from the gravel hills 
of the Iowan regioq_ This type of gravel has a distinguishing charac-: 
teristic in the abunda~ce 'of clay-balls or small rounded masses of till. 
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TABLE VI, SHEET 1 
Analyses of Pebbles from Valley Gravels in Iowan Drainage Lines 
of the Kansan Region ' 
Granite-syenite ______ _ 
Diorite-gabbro ___ ___ _ 
Basalt ______________ _ 
Quartz _____________ _ 
Mjscel. igneous ______ _ 
Total igneous _______ _ 
Quai"tzite ___________ _ 
Chert and flint ______ _ 
Limestone and dolomite 
21 39 35 
2 2 __ 
8 19 13 
2 1 1 
__ 3 __ 
33 64 49 
723 
3 2 2 
57 32 46 
23' 30 
4 2 
15 13 1 __ 
I __ 
44 45 
5 2 3 __ 
48 53 
321 34 22 2 __ 7 
638 
1 1 2 
2 __ 4 
43 38 43 
348 1 3 __ 
53 55 45 
33 34 42 31 32 39 32 
5 5 2 __ 4 5 3 
6 4 12 18 13 4 10 2 __ __ 3 __ 4 1 
2 1 1 1 __ 1 1 
48 44 57 S3 49 53 47 
2 : 8 1 4 6 7 5 3 2 1 '2 __ __ 2 
47 46 38 41 45 40 46 Shale __ ,______________ __ __ __ __ __ __ __ __ __ __ __ __ __ __ o 
o 
o 
o 
Sandstone ___________ __ __ __ 
5~ 
Clay-pails _____ ~------ __ __ __ 
Miscel. sedimentary __ __ __ __ 
Total sedimen~ary __ _ 67 36 51 
Their P,resence indicates that this gravel was not transported far by 
running water. These clay-balls ate present in 19 of the 21 analyses 
of Table IV and average 12 per cent for the 21 analyses. Oneanalysis 
shows S9 per cent of clay-balls. Tbe presence of ' the clay-balls cuts 
down the percentages of other types of pebbles, so that granites, and 
igneous rocks as a whole" show lower percentages than in the .other 
types ,( Table IX, column 4). Table V records the analyses from val-
ley gravels of the Iowan region and Table VI the analyses from valley 
gravels in Iowan drainage' lines of the Kansan region. These two types 
do not contain clay-balls. Tables IV, V and VI include all the gravels 
interpreted a~ Iowan in age. The average of the 96 analyses of these 
three tables is given in column 6a of TaHe IX. It is low in granite and 
total igneous and high in limestone, clay-balls and total sedimentary, 
but the ,differences are not such as can be used to differentiate Iowan 
gravels. 
Table VII shows the analyses of valley gravels which are believed 
to' have been derived from Kansan till, and Table VIII shows analyses 
of ,gravels inclosed in, or associated with Kansan' till. ' The average 
-- ---.-
TABLE VI, SHEET 2 
Analyses of Pebbles from Valle)' Gravels in Iowati Drainage Lines of the Kansan Region 
Granite-syenite _____________ _ 
Diorite-gabbro _____________ _ 
Basalt ________________ ~-----
Q'uartz ____________________ _ 
Miscel. igneous _____________ _ 
Total igneous ---------------Quartzite _______ . ___________ _ 
Chert and flint ~ __ . ________ . __ _ 
Limestone and dolomite ____ _ 
Shale _________ . _____________ _ 
Sandstone __________________ _ 
Clay-balls _____________ :.. _.-.:c..-
Miscel. sedimentary ______ ' ___ _ 
Total sedimentary __ . ____ . ____ _ 
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TABLE VII 
Analyses of Pebbles irom Valley Gravels of the Kbnsan Region in Drainage Lines 
Not Reached by Towa1l or Wisconsin Drainage 
- c:i. c:i. c:i. 
c:i. c:i. ct ~..; it it ~ c:i. c:i. c: it d d it . it..; Eo< Eo< Eo< it it it Eo< E-<'" E-<u E-<u ~ a.: .. .. E-<..; E-<.; E-<.; u 
-gd cCI. . ~ a.: u . c:: *S, t' a. c:i. "-<, " -<, 
.§ e- CCI. ".:u .~ ... cU ~ CI." CI." 0" .2 ~ tu ~u 0 0 . 9..c .... 0-<, t~ t::.1 ... " . ~ " ;;Q "CI. ~fr ~fr .~ C . ~.= E-< > it " "Q ;;Q e" Co <= 0> c .. <A po> p-;; p-;; ... . 
-5::.1 <= • <= • ::.1, ::.1 . ::.1.; 
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," ... 
";i: ";i: " " " j~ 0" ot: ." .Q .Q . " -c:-a.: "C 8~ " .~ :0 oC 0 , .. . C 8~ .; 8 . 0 0 ~; Q:=: QCI. 0" 0 . ...; o '~ u~ u. u . ... u~ u- u-<= 
.=;i: "'z "'~ "'~ E-<W> ciZ ,eli Jvi .=" .s~ .s~ .=Z " 0 ~u ~Z "liZ ... ... tIl ... tIl ~~ U • u.,; ~~ 5_" 5 . 5 . gS" ~~ " . " . 8~ bo-c~ <l- Eo' so' :g1(l :g1(l .... e . e- e'" e . o . o . o . ... c ~d ~~ ~d "'u "'.; "'.; "'.u "'.; "'.; ou o,u ou u.; " .. 
..:IJl ..:IJl -" ri:Jl ri:Jl -" -" -u ;i:Jl ;i:Jl ;i:Jl ~Jj <~ ..:I til "'tIl "'tIl "'tIl "'tIl 
Granite-syenite 
------------
27 44 29 27 17 21 24 33 28 22 23 19 14 25 
Diorite-gabbro' 
------------
4 2 6 6 6 1 4 1 1 
--
3 
--
4 3 
Basalt 
--------------------
19 7 9 9 17 20 18 14 16 10 21 18 16 15 
Quartz ~ ---~------- - ------ -- -- 2 -- 3 1 4 3 2 3 7 -- 4 2 Miscel. igneous 
-----------
5 
-- --
I 
. ' --
4 2 
--
3 1 5 2 6 2 
Total igneous 
-------------
55 53 46 43 43 47 52 51 50 36 59 39 44 47 
Quartzite 
-----------------
7 11 7 11 6 
--
5 3 4 9 10 5 9 7 
Chert and flint 
------------
2 5 4 6 2 5 5 5 6 5 5 3 1 4 
Limestone and dolomite 
---
35 31 38 36 49 46 37 40 34 44 26 47 40 39 
Shale 
--------------------- -- -- -- -- -- -- -- -- -- -- -- -- --
0 
Sandstone 
---------------- -- -- --
3 
--
2 1 1 1 
-- --
3 2 1 
Clay-balls 
----------------- -- -- -- -- -- -- -- -- -- -- -- -- --
0 
Miscel. sedimentary 1 
--
5 1 
-- -- -- --
5 6 
--
3 4 2 
Total sedimentary __ _______ 45 47 54 57 57 53 48 49 50 64 41 61 56 ' 53 
for the 23 analyses of tables VII, and VIII combined, being all the 
, Kansan-derived material! is shown in column 8a of Table IX. It is 
high in basalt and total igneous and low in limestone-- and total sedi-
mentary. In general, those gravels which are farther down the val-
leys to the south and southwest show a somewhat larger percentage 
of the more resistant rock types, such as basalt, quartzite, chert and 
flint. This is illustrated by comparing the analyses of columns 5, 6 
and 7 of Table IX. 
Table IX presents in summary form for ready comparison the aver-
ages of the several types of gravels in columns 1 to 8. Columns 3a, 
6a and '8a give the averages for all the analyses of gravels interpreted 
as Wisconsin, Iowan and Kansan in age, respectively. Column 7a 
shows the average of the analyses in tables V, VI and VII combined, 
which include all the typical valley gravels of the Iowan and Kansan 
regions, a total of 88 analyses. Column 9 gives the average for all 
the analyses of all types recorded in the eight tables. 
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TABLE VIn: 
Analyses of Pebbles from Gravel Masses Enclosed in, or Associated with' Till 
tha! Is Apparently Kansat~ 
d ,:, ~ 
", -;;; 
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c:i. it~ c:i. >< 
it c:i. Eo< " -- • c:i. c:i. it g it ,,-:0 '0 
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.. " '" Po. Po. ,,~ ~ P,.; ~:;; .. . .. " " 0 ~Z " 8 '0 :;; Vi · J;i ." -.. " ~;i c;i 8~ 8'~ .. . -~ 0 0: llo.. U· u Eo<'" 
c;iCll .z u" u~ _z -CIl "Z "Z ... ... .. u 
" 
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u~ "'- ~!IS :gl(! .aU .. -,,'" ,,'- .~ .... ~c.i 0 "" .... ~ ~ .. .... ... . ~~ ~d o . ~d ~o !'q.,j .. " .. " 0" 0 0 " .. ~cti .. ... Jl ... Jl oJl oJ! OJ! OJl UCIl uJ! ~Jl <Sl 
Granite-syenite _____________________ _ 12 22 30 25 20 23 30 31 19 26 24 
Diori.te-gabbro ______________________ _ 1 3 1 3 1 4 1 1 Basalt _____________________________ _ 5 9 · 5 5 5 3 15 12 12 14 9 <Juartz _____________________________ _ 1 2 2 2 2 1 
Miscel, igneous _____________________ _ 1 18 3 6 6 3 Total igneous ______________________ _ 19 35 56 30 30 27 52 50 33 48 38 <Juartzite ___________________________ _ 12 6 9 3 1 4 3 2 4 
Chert and flint _____________________ _ 4 10 1 1 2 7 3 
Limestone and dolomite ____________ _ 50 59 13 64 68 64 39 42 62 37 50 Shale ______________________________ _ 3 6 6 1 Sandstone __________________________ _ 0 Clay-balls ___________ ..: ______________ _ 12 1 
Miscel. sedimentary _________ ..: _______ _ 
Total sedimentary . __________________ _ 12 2 7 3 6 3 81 65 44 70 70 73 48 501 67 52 62 
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TABLE IX 
Summary of Averages of Analyses of Pebbles from the Several Types of Gravel 
Granite-syenite _______________ 20 26 29 25118 18 28 21 25 23 24 
Diorite-gabbro _____ .___________ 2 1 1 1 1 1 3 2 3 2 1 
Basalt __________________ ____ _ 9 7 7 8 4 7 12 8 15 10 9 
Quartz _______________________ 2 1 1 1 1 1 2 1 '2 1 3 
Miscel.igneous _______________ 2 1 2 2 __ __ 1 1 2 1 1 
Total igneous ________________ 35 36 40 37 24 27 46 33 47 37 38 Quartzite ____________________ 3 3 3 3 2 1 4 2 7 3 4 
Chert and flint ____ ____ _____ ___ 1 l ' IIi 1 3 1 4 2 3 
Limestone and dolomite ______ 55 55 54 55 55 70 46 ' 58 39 56 50 Shale ________________________ 2 3 2 2 5 1 __ 2 __ 1 1 
Sandstone ___ ____ ____ _________ __ 1 __ 0 __ __ __ 0 
Clay-balls ____________________ 2 __ __ 1 12 __ __ 3 
Miscel. sedimentary ___________ 2 1 __ 1 1 __ 1 1 
Total sedimentary ___________ _ 65 64 60 63 76 731 54 67 
1 ___ _ 
__ __ 1 
2 1 3 
53 63 62 
24 23 
2 2 
12 8 
2 1 
3 2 
43 36 
5 3 
3 1 
44 55 
1 2 
1 0 
1 2 
2 1 
57 64 
CHAPTER VII 
GEOLOGIC HISTORY AND CONCLUSIONS 
Pleistocene History 
The geologic history of northwestern Iowa was traced in the report 
of 191754 but the changes of interpretation used in the present report 
'require that a part of the Pleistocene history be restated. The bases 
f.or the interpretations, and most of the interpretations have been stated 
in earlier parts of this report but are repeated here as a part of a con-
nected tracing of the history. 
Nebraskan A ge.--:-The first ice sheet which invad~d northwestern 
Iowa was the Nebraskan, the oldest ice sheet recognized in the Missis-
sippi basin. ,It covered all of western Iowa, pushing southward into 
Missouri, and on its withdrawal left a mantle of 200 to 300 feet of till 
over much of northwestern Iowa. The Nebraskan ice advanced over 
a region underlain largely by soft Cretaceous shale and it left a com-
pact, calcareous till with very little sand or gravel. 
During the Aftonian interglacial age which followed there was 
developed over the level Nebraskan till plain in southern Iowa a 
horizon of gumbotil formed chiefly by long-continued chemical weath-
ering; In northwestern Iowa the evidence is not so clear and decisive, 
but it is sufficient to show that a similar gumbotil zone developed as 
far north as Cherokee county and it probably extended over all of 
northwestern Iowa. This gumbotil plain was then dissected, probably 
quite completely so, before the close of the Aftonian intergl.acial age. 
In the Cherokee region the, erosion surface had ' a relief of 50 to 75 
feet (page 76) . 
Kansan A ge.-Following the Aftonian interglacial age the Kan-
san ice sheet developed. It advanced southward across Minnesota and 
Iowa, eastern North and ' South Dakota and eastern Nebraska and cov-
ered northern Missouri and northeastern Kansas. Its thickness in 
northwestern Iowa was probably several thousand feet. As the Kan.,. 
san ice sheet advanced over the eroded surface of Nebraskan tiil it 
plowed up great quantities of the Nebraskan, which it mixed' with the 
54 I owa Geol. Survey , Vol. XXVI , pp: 430.443, 1917. 
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mat~rial already carried, to make part of the Kansan till. Some small 
masses were inclosed without mixing in the Kansan till and at places 
the Kansan ice plowed up the Nebraskan surface but only partly mixed 
the tills, thus forming a transition zone. The thickness of Kansan till 
deposited was in most places between 100 and 200 feet. . 
For the history of the time following the withdrawal of the Kansan 
ice sheet we are again dependent upon the region farther south in Iowa. 
Over southern Iowa, as far north as Crawford and Carroll counties, 
the even drift plain left by the Kansan ice sheet remained for a long 
time ,undissected and on this plain there was developed a gumbotil zone. ' 
It is believed that a similar gumbotil zone was deveioped also over 
northwestern Iowa (pages 108 to 111). The development of these 
Nebraskan and Kansan gumbotils must have taken place very slowly 
and the Aftonian and Yarmouth intervals must have been very long. 
Following the development of the Kansan gumbotil, the Kansan 
drift region was elevated and erosion began. In southern Iowa this 
erosion has lowered most of the country 'below the gumbotil plain but 
has left a few remnants. In northwestern Iowa there are no rem-
nants of the gumbotil, and erosion is believed to have reduced all the 
country below the level of the original plain and to have removed every 
remnant of the gumbotil and of the leached zone of Kansan till below 
(pages 108 to 111). 
The interval of time from the Kansan to the next ice invasion of 
northwestern Iowa (Iowan) includes the Yarmouth and Sangamon 
interglacial and the Illinoian glacial ages. The Kansan gumbotil 
was formed during the Yarmouth age. The dissection of the region 
continued through the Illinoian and Sangamon ages. During the 
later part of this interval silts and fine sands accumulated in some of 
the valleys of western Iowa, forming what are known as the Loveland 
deposits. 
Iowan Age.-After the erosion of the Kansan region had pro-
gressed nearly to its present condition, northern Iowa was invaded by 
another ice sheet, the Iowan, which pushed into our region from the 
northeast to a line extending from eastern Lyon county through Chero-
kee to southwestern Sac county (Plate I). The Iowan ice sheet ap-
pears to have deposited only a thin veneer of drift in most places. It 
did not, therefore, make a distinctive constructional topography, but 
merely mantled the then existing topography cut in the Kansan drift, 
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producing a region in which the larger relief features are erosional but 
with the slopes modified by minor construction~l features (page 41). 
During the general stage of ice advance there were temporary with-
drawals, and during the general stage of retreat there were temporary 
advances. As a result of these oscillatio\ls of the ice front, gravel 
that was laid down just beyond the ice front was later overridden .and 
buried under till. In some places the oscillations were repeated sev-
eral times and resulted in several alternations of the till and gravel as 
described for the Mill creek bluffs north of Cherokee (pages 84 to 88) . 
Deposits in moulins in the ice or at the edge of the ice formed the 
kamelike gravel hills (pages 90 to 102). 
During the advance, and partieularly during the withdrawal of the 
Iowan ice sheet, great floods of water loaded with debris flowed out 
from its front, down the valleys to the south and southwest and de-
posited gravel in most of the valleys of the region, forming the de-
posits which have been described in Chapter V as the valley gravels. 
After the Iowan ice age, and apparently soon ' after the depositiolJ 
of the valley gravels, northwestern Iowa was covered with ,a mantle of 
loess, the 'material for which was derived chiefly from the valley flats 
on the west line of the state. N ear Missouri river 20 to 30 feet of 
loess were deposited, but this decreased eastward across the Kansan 
region to two to four feet over most of ~he Iowan region. Since the 
loess was formed it has been leached to a depth of two to four feet, 
but on the whole the Iowan drift region has suffered little erosion and 
the till is notably fresh. ' , 
Wisconsin Age.-At a still later date a lobe of the Wisconsin ice 
sheet advanced southward across north-central Iowa, with its west 
edge across the eastern part of our region, as shown on Plate 1. The 
Wisconsin iee sheet left a drift surface with definite glacial features, 
including prominent morainic topography. Very little modification 
of this topography has been produced by the erosi~n of post-Wisconsin 
time except along some of the larger streams, which have cut promi-
nent trenchlike valleys. 
Summary of Conclusions 
Conclusions and interpretations have been given in connection with 
each subject discussed put brief statements of the more important con-
clusions are brought together here in the form of a summary. 
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Iowan Region.-Twodrift regions exist in northwestern Iowa west 
of the Wisconsin drift boundary in the area previously interpreted as 
Kansan (Plate II) . The eastern part of this area, lying between the 
definite Wisconsin on the "east and the more definite Kansan on the 
west, is here differentiated as a distinct drift region formed' by an' ice 
sheet that pushed into northwestern Iowa from the northeast and ad-
vanced about halfway across our region to a boundary shown on Plate 
I and traced on pages 59 to 84. The peculiar topography of this region. 
consisting of a well developed valley system with faintly constructional 
slopes, is e:xplained by the interpretation that the ice sheet which formed 
this region deposited only a thin mantle of drift which modifies slight-
ly a pre-existing erosional topography (page 41). 
This drift region is assigned to the Iowan age and correlated with 
the Iowan ()f eastern Iowa on the bases of similar topography, similar 
relations to the Kansan below and to the overlying mantle of loess, 
and similar geographical positions with respect to the later Vlisconsin 
drift region (page 39) . 
Kansan Region.-That part of northwestern Iowa west of the Iowan 
bo~ndary is interpreted as Kansan. The absence of leached till in this 
Kansan region as contrasted with the Kansan region farther south in 
western Iowa is explained by the interpretation that northwestern Iowa 
suffered more extensive erosion which completely removed the leached 
zone and gumbotil zone, if these had been developed (pages 108 to 
111) . This erosion took place before the Iowan age. The possi-
bility of explaining the absence of the leached zone by assuming that 
it was never developed, owing to some climatic differences, is recog-. 
nized. 
The Loess.-Both the Kansan region and the Iowan region are cov-
ered with loess (pages 116 to 136) . In the southwest: part of our 
area, near Missouri river, this is typical loess and is thick. To the 
northeast' it becomes .thinner and over much of the Iowan region it is 
only two to four feet thick. Lithologically this thin loess may not be 
typical loess, but it is certainly the time equivalent of the. loess. The 
age of this loess is interpret~d as Peorian, as in eastern Iowa (pages 
134 to 136). 
Interbedded Gravel and Till.-An interbedding of gravel and till 
characterizes several exposures within the Iowan region (pages 84 to 
'89). These deposits were formed by oscillations of the ice front 
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during the general stages of advance and retreat. By these oscilla-
tions, gravel deposited just beyond the ice edge may have been laid 
down on till only recently deposited and may soon have been buried 
by till. The freshness of the gravel and till -of these layers shows that 
neither was exposed long at the surface before t,he onext higher member 
was deposited. 
The Gravel Hills.~The kamelike gravel hills of the Iowan region 
(pages 90 to 102) are interpreted as gravel masses deposited in moulins 
or other openings in the Iowan ice sheet. On the melting of the ice 
these masses were left on or in the upper part of the drift sheet. 
_ The Valley Gravels.-The valley gravels of t~e Iowan region and of 
the valleys of the Kansan region that carried Iowan drainage are in-
terpreted as outwash from the Iowan ice chiefly during the withdrawal 
of the ice sheet (pages 166 to 170) . The valley gravels in those val-
leys of the Kansan region that did not receive Iowan drainage are be-
lieved to have been released from the Kansan till during an especially 
active period of erosion, owing to the lack of vegetation during the 
Iowan ice age, ~nd to have accumulated farther down the valleys 
(pages 168 to 170). 
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THE DAKOTA STAGE OF THE TYPE LOCALITY 
PREFACE 
The data and conclusions presented in this paper represent a small 
amount of the material which the writer has accumulated on the subject 
of the Dakota rocks. The first field work was done in 1924 as a general 
study of the Dakota stage in Kansas under the auspices of the Kansas 
Geological Survey. In 1926 arrangements were made with the Iowa 
Geological Survey to make field investigations of the Dakota rocks in 
northw'estern Iowa and .adjacent parts of Nebraska and South Dakota. 
During subsequent years some additional studies were made in Kansas, 
Nebraska and Iowa. 
In Chapter VI numerous references are made to the Dakota rocks 
of Kansas with the hope that such information will be valuable in 
understanding the interpretations made of ' the Dakota rocks of the 
type locality. The writer wishes to make acknowledgment at this time 
to the Kansas Geological Survey for the use of such material. A com-
plete report on the Dakota rocks of Kansas is now being 'prepared 
and will be published by the Kansas Geological Survey. Additional 
studies were made during the 1930 and 1931 field seasons for this 
,report and the mapping of the formations of the Dakota will be com-
pleted in 1932. 
It was a fortunate arrangement that permitted the writer to study 
the Dakota rocks from southern Kansas, across Nebraska, and in ' 
northwestern Iowa, independent of state boundaries. The problem is 
one which is distinctly of a regional nature and the student should not 
be handicapped by artificial boundary restrictions. / 
CHAPTER I 
INTRODUCTION 
Interest in the Dakota sandstone and its associated clay and silt 
members is almost as old as the study of stratigraphY 'in the United 
. States. Because of the excellent exposures of the basal Cretaceous 
rocks along one of the main routes of early travel and exploration 
it is not unusual that we find records of observations made along the 
upper Missouri river in the early part of the nineteenth .century. The 
very faCt that at least four principal divisions of the Cretaceous of 
North America have their type localities in the upper Mjssouri river 
country is significant of the work accomplished by the early explora-
tions. 
The writer has spent a part .offive field seasons at intervals during 
the last eight years studying the various phases of the formations 
discussed in this paper. The work has not been confined to Iowa but 
has also included a .critical study of the beds in Nebraska, Kansas anq 
South Dakota and finally some observations in Colorado and New 
Mexico. The first work was done in K~nsas, where the Dakota had 
been separated from the marine Belvidere formation of Washita age. 
Because of certain close relationships between the Belvidere formation 
and beds usually classified with the Dakota, it seemed logical that 
a careful study should be made of the type exposures of the Dakota 
along Missour.i river. .The data and conclusions presented in this 
paper are th~ ' results primarily of observations made in northwest.,. 
ern Iowa, northeastern Nebraska, and eastern South Dakota. . With 
the exception of a few general stratigraphic studies in conjunction 
with quaqrangle or county mapping the work of Gould in 1900 was 
the last regional study made of the Dakota in the area under con-
sideration. It is not unusual then that some new facts would be ob-
tained and new interpretations made with the more modern background 
available ' in the field of geology. 
Of the recent investigations on the lower Cretaceous formations in 
the Middle west, the work of Twenhofel1 has been especially helpful. 
1 Twenhofel , W. H ., Geology and Invertebrate Paleontology of the Comanchean and "Dakota" 
Formations of Kansas : State Geo!. Survey of Kansas, Bul!. 9, 1924, 135 pp., ills. 
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He made a careful restudy of a complex section and on the basis of 
fossil identifications showed that certain horizons commonly described 
as Dakota should be correlated with the Washita formation of Okla-
homa and Texas. ' 
In the type locality of the DC:kota sandstone, which for all practical 
purposes includes the exposures in Iowa at Sioux City, the marine 
fossils belong to the fauna which occurs in Kansas. For this and 
other' reasons it will be shown that the Dakota sandstone represents 
formations that include a part of the Comanchean and Cretaceous 
systems of some writers, and that no such 'division into systems can 
be justified. 
,-
CHAPTER II 
THE TYPE SECTION OF THE DAKOTA STAGE 
Meek and Hayden were the first to make geologic sections of the 
. rocks exposed along the upper Missouri river. As a part of their 
description they made divisions which ultimately became .the type 
divisions of the upper Cretaceous of the. central interior of the United 
States. The term "Dakota Group" was first applied in ' 18612 to that [, 
part of the section which had previously been called "Formation No. 
1".8 As a part of their system of using geographic names for rock 
formations, Meek and Hayden gave as the type locality of the "Dakota 
group" the "Hills back of the town of Dakota; also extensively de-
veloped in the surrounding country in Dakota county (Nebraska) 
below the mout~ of Big Sioux River."4 
The final description of the Cretaceous rocks of the Upper Missouri 
country was given in a paper presented to the Philadelphia Academy 
0'£ Natural Sciences in 18615 and was repeated in the comprehensive 
report 'of Meek in 1876.6 The only changes from the earlier publica-
tion were of punctuation, the correction of one generic name, and the 
addition of one new species. For the sake of accuracy the laterT 
description is given below: 
"Yellowish, reddish, and occasionally white sandstone. with. at 
places, alternations of various colored clays and beds and seams of 
impure lignite; also silicified wood, and great numbers of leaves of the 
higher types of dicotyledonous trees, with casts of Pharella(?) da-
kotensis) Trigonarca siouxensis) Cyrena arenarea) Margaritana nebras-
censis) etc.» . 
The localities of exposure and study: 
"Hills back of the town of Dakota; also extensively developed in 
the surrounding country in Dakota county below the mouth of Big. 
Sioux River and thence. extending southward into northeastern Kansas 
and beyond." 
In many respects it is unfortunate that this series of rocks, which 
2 Meek and Hayden, Phila. Acad. Nat. Sci. Proc., 1861, Vol. 13, p. 419, 1862. See also Meek, 
F .B. , V.S.G.S. Terr., Vol. 9. p. 25, 1876. 
8 Meek and Hayden, Phila. Acad. Nat. Sci. Proc., Vol. 8, pp. 63·8), 1856; Vol. 9; pp. 117·148, 
1857. See also Hayden, F.V., Phila. Acad. Nat. Sci. Proc., pp. 109·116, 1857 . 
• Op, cit., Phila. Acad. Nat. Sci. Proc., Vol. 13, p. 419, 1861. 
6 Meek and Hayden, Phila. Acad. Nat. Sci. Proc. 1861, p. 419, 1862. 
6 Meek, F . B., V. S. G. S. Terr., Vol. 9, p. 25, 1876. 
7 Meek, F . B. , Idem. p. 25. 
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has been so widely described and correlated, should have been given the 
name Dakota. It is true that the rocks are exposed in Dakota county, 
Nebraska, and that sandstones are exposed some six miles west and 
southwest of Dakota City, the county seat, but much better exposures 
and more complete sections are found ~n the Iowa side of the Missouri 
and along the bluffs facing Big Sioux river. A much more appropriate 
name would have b~en "Sioux" group or stage, because of the excellent 
exposures along Big Sioux river . and adjacent to the then growing 
. village of Sioux City, and also because the area was at the gateway to 
the Sioux Indian nation lands. The term is now used to designate the 
Sioux quartzite of pre-Cambrian age bilt was available at the time 
the Dakota was. named. 
CHAPTER III 
REVIEW OF PREVIOUS WORK 
The literature on the Dakota stage is very extel1:sive. The name, as 
commonly _used, has been applied to a sandstone and shale formation 
lying at the base of the marine Benton formation throughout the 
central interior of the United States ~nd on both sides of the Rocky 
Mountains.. The scope of the present paper does not consider these 
wide correlations, hence it is impractical to discuss the Dakota beyond 
the type area. All of the available literature dealing with the lowest 
of the Cretaceous rocks in northeastern Nebraska and adjacent Iowa 
has been studied, and these references comprise Part I of the bibliogra-
phy. \ 
The reprints of the original journals of the Lewis and Clark expedi-
tion up Missouri river in 1804-18068 are disappointing in their content 
of notes on the geol?gy of the region traversed. It is probably true 
that the short delay caused by the death· of Sergeant Floyd just below 
the present site of Sioux City caused Lewis and Clark, and other 
members of the party who kept journals, to record the topography of 
the region and the general character of the rocks and to do some · col-
lecting of rock and mineral specimens. 
Captain Clark in his original account9 describes a rock formation 
at a locality north of the present village of Decatur, Burt county, 
Nebraska. This is probably the earliest printed account which calls 
attention to the D~kota rocks adjacent to the type area. He relates 
noticing a "yellow, soft sandstone" in the bluffs on the west side of 
Missouri river near the place of the Mahar (Omaha) Indian Chief 
Blackbird burial mound. Again, in the diary for the following day 
(August 12, 1804),he tells of seeing the soft sandstone i? the west 
bluff and observes that many springs issue from the sandrock. The 
last locality is probably about four or five miles southeast of Homer, 
. Dakota county, Nebraska. 
An interesting note is given in Clark's journal for August 22, 1804/° 
8 Thwaites, Reuben Gold, Original Journals of Lewis and Clark, 1804-1806. New York, 1904. 
7 vols. 
9 Idem, Vol. 1, p. 106. 
lOOp. cit., p. 116. 
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following the death and burial of Sergeant Floyd. He tells about 
seeing in the rocks "copperas, cobalt, pyrites; an alum rock, soft and 
sandstone. Capt. Lewis determined the cobalt, which had the appear-
ance of soft Isonglass." The best determination which the writer can 
make places this locality 15 to 18 miles above Sioux City, possibly near 
the mouth of Aowa creek, and the formations may be either the upper 
part of the Dakota or the base of the Graneros. Seven miles farther 
upstream Clark describes "a Clift of allom stone of a Dark Brown 
colr. containing also incrusted in the crevices and shelves of the rock 
great qts. (quantities) of Cobalt, Semented Shels & a red earth".l1 
(The spelling and capitalization are the same as in the original jour-
nal. ) This is probably the steep bank north of Ponca, Nebraska. 
The various scientific observations made by Lewis and Clark are 
contained in volume 7 of the Thwaites edition. The notes on Mineral-
ogy were edited by Prof E., H . Barbour of the University of Nebraska. 
The party collected some shells and various rock and mineral specimens 
and on their return deposited them with the American " Philosophical 
Society.12 The shells were not described and the crude determinations 
by Lewis of the minerals made the collections of little value. 
Meek13 states that Nuttall and Long brought back Cretaceous fossils 
from their expeditions into the upper Missouri country in 1809 and 
.1819 respectively. These shells were not studied and identified until 
se,:eral years after the return of the explorers, and they did not aid in 
the recognition of the age of the rocks while in the ,field. 
The journeys of Bradbury and Nuttall in 1809-1810 into the upper' 
Missouri river country contributed little of value concerning the rocks 
of the Sioux City area. . Bradbury was not interested in geology, and 
Nuttall was a better botanist than geologist. In Bradbury's book 
published in London in 1817,14 there isa description of the reddish 
bands in the rocks which he called hematite. As this feature was 
noted near the Yankton Indian villages and below Niobrara river, it 
is possible that the rocks observed belong to the Dakota stage. 
The first published work ,of Nuttall concerning his trip into the upper 
Missouri country appeared in 182115 and shows an effort to cor:relate 
the formations exposed along the river with other rocks which Nuttall 
had observed in Arkansas territory and elsewhere. He says: "While 
11 Idem, p. 117. 
I 12 Idem, Vol. 7. 
13 Meek, F. B., U.S.G.S. Terr., Vol. 9, p , 21, 1876, 
14 Bradbury, John, Travels in Interior of America in 1809-1811. 
15 Nuttall, T., Phila. Acad. Nat. Sci. Jour., Vol. ,2, pp. 14-52, 1821. 
I . 
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ascending the Missouri in the summer of 1810, I could not ascertain the 
existence of the compact calcareous rock, containing organic reliquire, 
beyond the confluence of the ' river. Platte; yet the sandstone hills and 
woodless· plains in the rear of the Maha village, were precisely such 
as we met with along the northern borders of the' Arkansas within 
the limits of Potto!, and the Saline rivers.1Il6 In this instance he was 
probably referring to the Dakota sandstones of central Kansas. If this 
is the case, it is the first correlation of the sandstone series of north-
eastern Nebraska with those of central Kansas. 
Farther up the river Nuttall collected a fossil Ostrea and an un-
known species of Baculites from the bluish gray clay "abounding in 
pyrites and xylanthrax." In describing the calcareous cliffs not far 
from the creek of . the Maha village, he says . they "more closely re-
sembled chalk than anything of the kind which I have heretofore seen 
or heard of in North America, but cannot by any means be identified 
with the same formation in the south of England avd in France. \Ve 
could not discover in it any organic reliquire, nor any vestiges of 
flint."17 In spite of this statement recent writers have given Nuttall 
credit for being the first to recognize the chalk of North America as 
being correlative with similar beds in England and also claim he 
recognized the beds along Missouri river because of their fossil content. 
Keyes in Vol. XXII, Iowa Geological Survey, 1913, page 50, says: 
"Another impo~tant geologic correlation is to be credited to Nuttall. On 
his journey up the Missouri 'river in 1810, which he undertook with John 
. Bradbury, a Scotch naturalist, he reached the Mandan viliages on the upper 
reaches of that stream. He makes especial mention of the Omaha. villages 
situated below the mouth of the Big Sioux river. A short distance up-
stream from the last mentioned point he examined strata which by means 
of their fossils presumably, he referred tq the Chalk division of the Floetz 
or Secondary rocks of northern France and southern England. This is 
the earliest definite recognition of beds of Cretaceous age in America." It 
seems true that Nuttall used the principle of William Smith in the correla-
tion of formations by their fossil content in the case of the Mississippian 
rocks (p. 14 of Nuttall) but he failed to find . the fossils which would 
permit him to do the same for the Cretaceous rocks of the upper Missouri 
country. The word 'Maha' used by Nuttall and others was the common 
usage for the present word Omaha, as used by Keyes. 
Thomas Say, in the report of Edwin James on the Long expedition 
16 Idem, f.' 24. 
17 Nuttal , op. cit., p. 25. 
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to the Pacific,18 ideritified and described shells , obtained by Thomas 
Nuttall in 1819 from "along the Kiamesha river in' Arkansas." These 
are named Gryphaea corrugata and Ostrea. No mention is made of the 
strata being correlative -with European beds. 
Vanuxem was the first geologist in America to recognize the exist-
ence of strata in this country which could be correlated with the 
Cretaceous formations of England. Morton presented Vanuxem's 
notes to the Philadelphia Academy in 1828/9 showing the latter's 
recognition of the age of the strata in New Jersey on the basis of the 
fossils. "The pelagian fossils by which this formation is characterized, 
affords ample evidence that it belongs to the Secondary and not, as 
commonly supposed, to the Tertiary class."2o The following year 
Vanuxem21 pointed out certain errors in Maclure's classification of 
the beds of the Atlantic coastal plain and showed that the 'alluvial' of 
Maclure contains littoral shells simil~r to those of the English and 
Paris basins and pelagic shells like those of the chalk deposits of 
England. With the correlation of Cretaceous rocks made along the 
Atlantic coast, it was not long until it was recognized that many of 
the fossils brought from the upper Missouri country, Arkansas and 
New Mexico came · from beds of nearly the same age. Morton cori-
tinued to contribute22 to the knowledge and classification of the "fer-
ruginous sandstone formation"23 of New Jersey and after comparing 
the fossils with those from the Green Sand of England was struck 
by the resemblance. His classification of the beds below the Tertiary 
is essentially the same as that used today. Finally, in 1833, Morton24 
summarized the great progress which )'Vas then being made in the ex-
tension of th~ classification of the marl beds to include the formations 
of almost all the south Atlan.tic and Gulf states and extending into 
the Arkansas , river country and upper Missouri country. He stated 
that Lewis and Clark, Nuttall, Col. Long and others "found Baculites, 
H amites (?), Gryphaea and other marl fossils at the Great Bend of 
18 James, ' E., "Account of Expedition from Pittsburg to the Rocky Mountains performed i~ 
1819-1820. Description of fossils by Thomas Say, Vol. I, p. 106, and Vol. 2, pp. 41()"411. Phila., 
1823. 
1'9 Morton, S. G., Phila. Acad. Nat. Sci. Jour., Vol. 6, 1828, pp. 59·71, 1829. 
20 Idem, p. 62. . 
21 Vanuxem, L .• Am. Jour. ScL, Ser. I, Vol. 16, IP. 254, 1829. 
22 Morton, S. G. , Am. Jour. Sci., Ser. I, Vol. 17, pp. 274·295, 1830. See also Am. Jour. Sci., Vol. 
18, pp. 243·250, 1830. 
28 At that time Coriybeare and Phillips divided the ferruginous sandstone groilp of England 
into four divisions : (from top down) 4. Chalk marie, 3. Green Sand, 2. Weald Clay, 1. Iron 
Sand. 
24 Morton, S. G., Am. Jour. Sci., Vol. 23, pp. 288-294; 1833. 
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the ' Missouri river - - - intimating the existence of the ferruginous 
sand in that remote region of our continent."25 
Nicollet was the next geologist to report on the Cretaceous of the 
upper Missouri river country. He gives a section26 which he examined 
near the mouth of 'Ayoway' (Aowa) river. At the base of this sec-
tion he found three. feet of argillaceous limestone containing Inocera-
mus and disseminated iron pyrite, overlain by 30 feet of calcareous 
marl containing fish scales and a few other fossils. These rocks, he 
says, always constitute the base of the Cretaceous of the upper Mis-
souri country and rest immediately on the Carboniferous limestone. 
Apparently Nicollet missed the Dakota sandstone entirely. 
Sir Charles Lye1127 obtained some information concerning the Cre-
taceous rocks of the Missouri country from G. W. Featherstonhaugh 
and Prince Maximilian von Wied. However, Lyell's geologic map of 
the United States shows the base of the Cretaceous occurring higher 
on Missouri river than the type area of the Dakota sandstone. 
Owen28 mentions the Cretaceous of the Sioux City area in recording 
a part of Evans' report to him. Evans. saw the Cretaceous rocks near 
the mouth of Aowa creek and by using the lithological characters 
des<;:ribed by Nicollet was able to trace the beds beyond Fort Pierre. 
No detail is given concerning the Dakota, but several fossils are re-
corded in the younger beds. 
Jules Marcou contributed many observations on the rocks of the 
western part of the Upite~ States and particularly of the Rocky moun-
tain region. He published in 185529 a long article explaining his 
geologic map of the United States. This was the first paper of any 
length which attempted a systematic explanation of the formations of 
the United States. and, even with its many mistakes, was a distinct 
a:dvance in the study of geology. In fact, the furor incited by Marcou's 
interpretations gave a great impetus to further investigations. His 
mapping of Triassic, Jurassic and Cretaceous formations especially was 
challenged, and much disagreement arose concerning his correlations. 
He made no observatiorts on the upper Missouri river at this time 
so could contribute nothing new on the Cretaceous section of that 
locality. 
26 Idem, p. 292. 
26 Nicollet, J. N., Am. Jour. Sci.. Ser. 1; Vol. 41, pp. 180·182, 1841. 
27 Lyell, Charles, Travels in North America, London, 1845. 
28 Owen, D. D. , Geological Survey of ' Wisconsin, Iowa and Minnesota, and incidentally a 
portion of Nebraska Territory; made under direction of U. S. Treasury Dept., p. 195, Phila., 
1852. 
29 Marcou, J., Bull. Geol. Soc. France, Ser. 2, Vol. 12, pp. 813, 936. 
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The first good study of the stratigraphic sequence of the Cretaceous 
beds of the upper Missouri country was published in 1856 by James 
Hall and F. B. Meekeo The expedition which made, this study was 
composed of Meek and Hayden, but the fossils collected were studied 
by Hall, who also made the figures for illustration. While descending 
Missouri river from Fort Pi~rre to near Omaha, particular attention 
was given to the lithological characters, the order of succession, and 
characteristic fossils of the various divisions of the Cretaceous. As 
a result of their studies the first st~atigraphic section was ' obtained. 
For comparison it is givenbelow.3l 
, "Cretaceous Formation 
5. Arenaceous clays passing into argillo-calcareous sandstones ... 
4. Plastic clays with calcareous concretions, containing numerous 
fossils .... . .... . ..... , .... , .... , .. . ......... . ............ . 
(This is the principal fossiliferous bed of the Cretaceous for-
mation of the upper Missouri.) 
3. Calcareous marl containing Ostrea congesta, ' scales of fishes, 
FEET 
80 
250 
etc. ................... . . . .. .... ...................... . ... 100 to 150 
2. Clay containing a few fossils ........ . : . . . . . . .. . . . . . . . . . . . . . 80 
1. Sandstone and clay ...... ......... . . . .. . . .. .. . .. . .. . . . .. .. 90 
Underlain by buff-colored magnesian limestone of Carbonifer-
ous period." 
The thickness of the various beds is only approximate, having been 
derived from a study of the exposures seen in several localities. The 
reference cited contains many fine illustrations of fossils described and 
figured for the first time. ' 
In 18'56 'Meek and Hayden32 published their first joint article to in':' 
dude a stratigraphic section o'f the upper Missouri river Cretaceous. 
The five divisions 'are as follows: 
"Cretaceous System FEET 
5. Gray and yellowish arenaceous clays containing great numbers 
of marine mollusca with a few land plants .. ........ ... ... '" 100 to 150 
4. Plastic clays with numerous marine mollusca .... . .. . ...... .. About 350 
3. Gray and yellowish calcareous marl, containing OstreIJ con- . 
gesta, fish scales, etc. .. . ................................... 100 to 150 
2. Grayish and lead-colored clays, having, few fossils ....... ,. ... ,80 
1. Sandstones and clays not positively known to belong to the 
Cretaceous system .... . .. ......... . ..... . ;..... ... ... . .... , 90" 
Limestones of the upper Coal. Measures as observed near Council 
Bluffs, Iowa, underlie the section noted above. A description of 28 
species of gastropods follows, but none of the forms comes from the 
lower three divisions. 
The Dakota, as defined later by the same writers, is number one of 
80 Hall and Meek, Am. Acad. Arts and Sci. Mem., Boston, N. S., Vol. 5, pp: 379-411, 1'856. 
81 Idem, p. 50S. 
82 Meek and Hayden, Phila. Acad. Nat. Sci. Proc., Vol. 8, pp. 63:0), 1856. 
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the section. During the early studies of . division number one Meek 
and Hayden were not certain concerning its proper age. 
In a paper presented to the Philadelphia Academy in November, 
1856, Meek and Hayden83 deyeloped more fully the Cretaceous section 
of Nebraska Territory and gave a complete catalogue of the inverte-
brate remains described and identified up to that time from the Cre-
. taceous and Tertiary formations of that region. The fossil lists include 
over 140 'species from the five divisions. For formation No.1 of the 
section (the nakota) 17 species are listed, but 13 species are question-
ably referred to this formation. At this time certain exposures near 
the mouth of Judith river were correlated with formation No.1, and 
most of the 17 species came from that locality. No invertebrates had 
been collected, at that time, from formation No. 1 at the mouth of Big 
Sioux river or the type area of the Dakota stage. 
The 'principle of correlation by the use of fossils, and also of the 
differences of species in widely separated localities was well understood 
at this time, as is indicated by the comparisons made by Meek and 
Hayden. They say concerning the 147 Cretaceous species listed in their 
catalogue, "nine appear to be common to the Nebraska formations and 
those of the states, and four are identical with forms occurril).g in the 
old world. "84 
Subdivision No. 1 of the Cretaceous system as given in this paper is 
quoted below: . 
"Heavy bedded yellowish sandstone, passing downwards into 
alternations of sandstone and clay, containing bits of water-
worn lignite and bands of dark carbonaceous matter. This 
formation is not positively known to belong to the Cretaceous 
System."35 
The thickness of this formation near the mouth of Big Sioux river 
is given as betwe~n 90 'and 100 feet. 
The next year Hayden elaborated still . further on the Missouri ' river 
section. This d,escription contains the names of three genera of mol-
lusks collected from the locality near the mouth of the Big Sioux river. 
Dr. Hayden's section is as follows :86 
"In order of s~perposition, Formation No. 1 res~s directly upon the 
true limestones of the Coal Measures before referred to. Its first ex-
posure seen along the Missouri is at Wood's Bluffs, right bank, about 
8S Meek and Hayden, Phila. Acad. Nat. Sci. Proc. , Vol. 8, pp. 265·286, 1856. 
S~ Op. cit., p. 266. 
S~ Idem. p. 2fB. 
86 Hayden, Phila. Acad. Nat. Sci. Proc., Vol. 9, p. 111, 1857. 
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eighty miles above the mouth of the Platte, and it dips beneath the water 
level of the Missouri, a few miles below the mouth of the Vermilion. 
Its general character is a coarse grained, ·friable sandstone, very fer-
ruginous, of a yellow or reddish yellow color, with thin beds of impure 
lignite and various colored clay. It contains very few fossils, mostly 
of the genera Solen, Cyprina and Pectunculus, also fossil wood, and 
numerous impressions of dicotyledonous leaves, similar to the common 
willow. Its entire thickness ' is estimated at ninety to one hundred 
feet, but it may be more." . 
As indicated on the previous pages, Meek and Hayden entertained 
some doubts as to the proper age of formation No. 1 and placed it 
provisionally in their published sections ' as a part of · the Cretaceous 
. system. After a careful review of the subject and more extended field 
work they were able to state in 1858,87 with perfect satisfaction, that 
the formation could not be older than the Cretaceous. Their evidence 
for this was found partly in the modern ' affinities of the numerous 
dicotyledonous leaves which they found at numerous localities and 
partly in the stratigraphic relationships with the overlying formation 
number two. 
At the time Meek and Hayden were accumulating their data for 
the determination of the age of formation No.1, they traced the rock 
southward from Nebraska into' Kansas ,to a point n,ear Smoky Hill 
river. At this locality there are no rocks overlying the sandstones of 
formation No.1, so, they had no stratigraphic evidence relating it to 
formation No. 2 but were well satisfied with , their correlation, as they 
state: "Our lithological and paleontologicat" evidence is quite con-
Clusive - - - for thjs rock in color, composition, and all other respects, 
is undistinguishable from number one of the oN ebraska section, as seen 
near the mouth of the Big Sioux river on the Missouri, and ~ontains 
numerous fossil leaves, some of which are· identical with those appear-
ing in number one at the last mentioned 10cality."Bs 
Dr. Newberry passed judgment on the age of the leaves mentioned 
in the above paragraph ~nd was of the opinion that they are certainly 
Cretaceous, some of them belonging to genera peculiar to that time, 
and that the whole flora is of a more highly organized group o'f plants 
than anything known in the Triassic or Jurassic flora. ' As will be 
indicated on a later page of this paper, Meek and Hayden had been 
informed by Professor Heers9 that the leaves from formation N!J. 1 
belonged to a Miocene flora. 
37 Meek and Hayden, Phila. Aead. Nat. Sci. Proe., Vol. 10, p. 256, 1858. 
is Idem, p . 258. . 
39 Heer, 0 ., Phila. Aead. Nat. Sci. Proe., Vol. 10, pp. 265·266, IS58. 
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In 1857 Hall40 published his report on the geology and paleont010gy 
of the Mexiyan boundary and general observations on' the Cretaceous 
strata of the United States'. Hall reviews the general knowledge of 
the Cretaceous rocks of New Jersey, the south Atlantic and Gulf States 
and Nebraska. He refers to the collections of fossils made by the 
various explorers and geologists from the time of the Lewis and Clark 
expedition. He suggests that formation No. 1 of the Nebraska section 
is probably the equivalent of Nos. 1 and 2 of the New Jersey section, 
and also that it might be the equivalent of the various sandstones, shales 
and clays at the base of the formations in Llano Estaeado. The main 
part of the paper deals with correlations of "formations 2 and 3 of the 
upper Missouri river section, but for all the rocks Hall suggests the 
possibility of considerable variation in the thickness and lithologic 
character when traced over a wide area. He thought it very likely 
that some of the strata of the southwest were not represented in Ne-
braska and that others that · were represented might be of different 
character. 
For a period of several years a great controversy raged between 
Meek and Hayden and Newberry and their followers, and Marcou, 
Heer and other European geologists copcerning . the age o( the various 
Cretaceous formations in Nebraska, Kansas, New Mexico, Texas and 
other western states. Regrettable as it was, the controversy caused 
new. studies and observations to be made and ' yielded the classic sec-
tions of the Cretaceous of the upper Missouri river country, of which 
the Dakota section is one. 
Hayden collected many dicotyleqonous leaves from the sandstones 
along Missouri river, particularly those near Tekamah and in the ex-
posures at Sioux City. In the absence of Dr. Newberry, Hayd~n sent 
sketches of these leaves to Prof. Beer of Zurich, who was somewhat 
surprised at their nature. Heer said there was nothing like these leaves 
in the European Cretaceous and thought they corresponded best to the 
lower Miocene of Europe.41 This started the controversy which did 
not end until Marcou and Capellini visited the Dakota type area in 
1863 and acknowledged the Cretaceous age of the rocks.42 
In 1857 Meek and Hayden43 made correlations of their formation 
No. 1 of Nebraska with sandstones containing dicotyledonous leaves 
40 Hall , J ., Am. Jour. ·Sci., Ser. 2, Vol. 24, pp. 72·86, 1857 ; and U. S. 34th Cong., 1st Sess., 
S. Ex. Doc. 108, House Doc. 135, pp. 126·138. 
41 Heer, Oswald, Proc. Phila. Acad. Nat . Sci., Vol. 10, 1858, pp. 265·266, 1859. 
42 Marcou , J ., Bull. Geol. Soc. France, 2 Ser., Vol. 21, pp. 132·146, 1864. 
43 Meek and H ayden, Proc. Phila . Acatl. Nat . S~i., Vol. 9, 1857, pp. 129·133, 1857. 
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in Kansas, on the basis of . sections and descriptions received fro~ 
Major Hawn. In 1.858 .Meek and Hayden44 had the opportunity of 
studying these sandstones near the junction of Grand Saline and 
Smoky Hill rivers in central Kansas and of visiting other localities 
mentioned by Major Hawn. For the first time they were assured by 
direct observation that the Kansas sandstones could be correlated. with 
. '-
their formation No.1 of the Nebraska section. Major Hawn45 had 
called the Kansas beds Triassic. Newberry assured Meek and Hayden 
that the dicotyledonous leaves which they had collected from the Kansas 
localities were not of Triassic age, as they w~re much too modern. 
Newberry,46 about the same time, crossed Kansas along the old 
Santa Fe trail on his route to New Mexico and had opportunity to visit 
some of the localities . near Arkansas river reported by Meek and 
Hayden and repeated his judgment that the dicotyledonous leaves in-
dicated Cretaceous rocks. Also, as a result of his New Mexico trip 
Newberry' published in 186047 a rather lengthy paper in which he re-
futed . Beer's determination of Hayden's collection of leaves from 
Nebraska. Newberry had a very wide field experience and had seen 
th,e leaf-b<faring rocks directly overlain by unquestionable marine Cre-
taceous rocks in many localit.ies from the Atlantic coast to the central . 
interior and in the Rocky Mountain states. His appeal for proper 
classification was strong, but he realized the prestige of Prof. Heer as 
a paleobotanist. Heer48 answered Newberry and maintained the 
Miocene age of the leaves submitted to him for study. It is evident, 
however, that he realized the possibility of a mistake, especially as he 
had only diagrams to study. He made a suggestion that the American 
geologists might have overlooked the possibility of great thrust faults ' 
causing the marine Cretaceous to be superposed on the Miocene. .He 
called attention to the great thrust faults in the Alps, which have 
caused equally great displacements of strata. Not having had field 
experience in the central part of 'the United States, Heer could not 
realize the fallacy of such a postulation. 
In 1863 when Marcou,49 accompanied by Capellini, visited the Sioux 
City area and studied other exposures of the Cretaceous along Missouri 
river, he concluded that the leaf-bearing beds were of fresh water 
44 Meek and Hayden, Am. Jour. Sci., Ser. 2, Vol. 7!1, pp. 31·35, 1859. 
45 Hawn, Frederick, St. u,uis Acad. Sci. Trans., Vol. I, pp. 171·172, 1858. 
46 Newberry, J. S., Anl. Jour. Sci., Ser. 2, Vol. 28, pp. 298·299, 1859. 
47 Newberry, J. S., Am. Jour. Sci., SeT. 2, Vol. 29, pp. ~·218, and Vol. 30, pp. 273·275, 1860. 
48 Hee1", Oswald, Am. Jour. Sci .. Ser. 2, Vol. 31. pp. 435·440. 1861. 
49 Marcou, J., Bull. Geol. Soc. France, Ser. Z, Vol. 21, pp. 132·146, 1864 . 
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. 9rigin, but, as they are overlain by marine Cretaceous without any kind 
of discordance, that they ~lso must be of Cretaceous age. However,-he 
believed that the series of sands were to be correlated with younger 
beds of the European Cretaceous, that is, the Senonian of D'Orbigny, 
or possibly the Turonian. He states also that there are older beds in 
Arkansas, Texas and Oklahoma (along Canadian ' river), and he 
thought these beds to be the same as the green sands of EurQpe, or 
Neocomian. 
In the meantime Meek and Hayden had restudied the Cretaceous 
exposures and published their final section of these rocks of Nebraska 
in 1862.50 They gave the name Dakota group to formation No.1 and 
reiterated their belief in its Upper Cretaceous age. 'At this time Meek 
and Hayden thought the Dakota, Fort Benton and Niobrara groups to 
be the equivalent of the lower or Gray Chalk and upper Green Sand of 
the British geologists or the Turonian and Cenomanian of D'Orbigny.51 
In commenting on the Dakota, the authors of the name wish it to be 
understood "that we do not regard the several rocks to which we have 
applied the names 'Dakota group', 'Fort Benton group', etc., as being 
always separately and individually recognizable at widely distant parts 
of the world, nor even in all cases throughout North America".62 That 
Meek and ~ayden recognized at this early date that the Dakota stage 
was not a simple or distinct division is indicated in their statement that: 
"Although we still retain this as a distinct rock, our present impression 
is that it is probably only a subdivision or memBer of the . Fort Benton 
group."53 
. Meek was not able to' agree with Marcou on the fresh water origin 
of the Dakota formation. Marcou felt that the presence of the dicoty-
ledonous leaves and the mollusk Cyrena (which · he called C. nova-
mezicana) were certain indicators of a nonmarine environment. Meek, 
however, points out64 the fact that Cyrena arenarea (as identified by 
Meek and Hayden) occurs with Pectunculus, Mactra siouzcnsis and a 
Pharella, and it cannot be fresh water alone. Pectu1iculu~ and Mactra 
are marine genera and Pharella and Cyrena are brackish wate.r genera, 
hence Meek concludes: "The rock was deposited in a bay or estuary, 
which must have been alternately brackish and salt enough to sustain 
marine mollusks. The nature of the sediments composing it, as well 
50 Meek and Hayden, Phila. Acad. Nat. Sci. Proc: for 1861, pp. 415-447, 1862. 
51 Idem, p. 419. 
62 Idem, p. 420. 
68 Op. cit .. p; 420. 
64 Meek, F. B., Am. Jour. Sci. , Ser. 2, Vol. 39, pp. 157-173, 1865. 
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as the numerous leaves and even trunks of trees, at some places found 
in it, attest the fact of its being a shore deposit."1i5 Meek appears to 
be very definite in his correlation of the Dakota of the Missouri river 
section, as he says that it is the e4act equival~nt of'the leaf-bearing 
beds on Raritan river, New Jersey, which form the.inferior member of 
the Cretaceous rocks of that state. 
Capellini and Heer56 published the results of their new studies of the 
Cretaceous leaves in 1866. The paleobotanists agreed that the Dakota 
is Cretaceous but maintained that the zones containing the leaves were 
deposited by fresh water. So far as they were concerned this settled 
the dispute as to the age of the beds which Heer had first called low~r 
Miocene. 
Lesquereux confirmed in 186857 the conclusions of Newberry and 
the other .Ame1'ican geologists, when he identified the tollections of 
dicotyledonous leaves from Tekamah and the type area of the Dakota 
as being of ·Cretaceous age. 
e; 
White, in his Geology of Iowa,58 describes briefly the Cretaceous 
section and makes three subdivisions "and with no intention of super-
seding the names in their general application which these gentlemen 
(Meek and Hayden) . have proposed for the more general subdivision 
~f the strata where they are more fully developed."1i9 Fr~m ' top to 
bottom he ca,lled these divisions "( 3) Inoceramus beds, 50 feet thick; 
(2) Woodbury sandstones and shales, 150 feet thick, and (1) Nish-
nabotany sandstone, 100 feet thick." These names did not receive 
common usa.ge, except locally in Iowa, and have been abandoned be-
cause of the priority and more specific application of the Meek and 
. Hayden terms. The type locality of the Nishnabotna sandstone was 
taken to be along East Nishnabotna river in Page, Montgomer), and 
Cass counties and was thought, at the tim~ it was proposed,60 to repre-
sent beds older than any exposed in the type locality of the Dakota 
series. The Woodbury sandstones and shales comprised all the beds 
from the base of the Sioux City section to the calcareous shales con:-
taining' abundant Inocerami. White would have put into one forma-
tion the Dakota and lower Benton shales of Meek and Hayden.61 
66 Idem, p. 172. , 
66 Capellini and Heer, Mem. Soc. Helvetique des Sci; Nat., t. 22, pp. 1-24, 1866. 
67 Lesquereux, L ., Am. Jour. Sci. , ser. 2, Vol. 46, pp. 91-105, 1868. 
68 White, C. A. , Geology of low"" Vol. I, pp. 285-295, 1870. 
69 Idem, p. 289. . 
60 White, C" A., Am. Jour. Sci. , Ser. 2, Vol. 44, p. 23, 1867. 
61 W,hite, C. A., Geology of Iowa, Vol. I, p. 291, 1870. 
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In his report on the Geology of Woodbury county62 White gives 
several sections from exposures at or near Sioux City. His section 
taken at Cedar Bluffs (which is now a part of Stone Park) , on Big 
Sioux river, is also given as a generalized section for the Sioux City 
area. 63 This section shows 80 feet of Woodbury sandstones and 
shales and is similar to the Meek and Hayden sections, though some-
what more detailed. The name Woodbur'y is not used by the Iowa 
geologists, as by its original definition it did not have stratigraphic 
value but included two different formations previously divided. 
In 1891 the Cretaceous correlation paper by White64 appeared. Men-
tion is made of the type section, and references are made to the original 
description by Meek and Hayden and to their general statements con-
cerning the fprmation elsewhere. At this time there seemed to ' be no 
doubt concerning the correlation of Hie Nebraska Dakota and similar 
rocks elsewhere. ' This surety is indicated by the ' following quotation 
from White: "The Dakota formation is so well defined that no dif-
ference of opinion as to its identity, characterization, and delimitation 
has .ever arisen among geologists who have studied it in the south 
interior region. "65 
The first indication that the Dakota formation might be much 
thicker than the observed exposures in the Sioux City area came 
from the study of well r'ecords and cuttings. Meek and Hayden ap-
parently had some such information available, as their section of 1861 
gave a thickness of 400 feet for- the Dakota. Todd66 in 1890 gives the 
records of two wells which are useful in determining the' thickness of 
the Dakota. The well drilled at Ponca, Nebraska, started at 1175 feet 
elevation and was drilled ,698' feet deep. A portion of the log below 
80 feet of drift clays is repeated below.67 
FEET 
Chalkstone, capped witli siliceous layers, Inoceramus beds ...... .'... . ... 45 
Alternate layers of fine, stratified sand ancL.1ight.alld drab clay. A pretty 
compact stratum with a layer of lignite abQve, sometimes for a little 
ways, 6 to 8 inches thitk .. . .... .. ... .. ... . ... . .................... 65 
Sand and sandstone. Dakota : . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 230 
'Sandy shale and fine light green clay with grains like "greensand" ..... . 35 
Rusty, gray, porous limestone, and other ,1i'mestones which are probably 
all Pennsylvanian continue to the bottom of the well. 
Todd apparently correlated the upper Chalkstone horizon with 
62 White, C. A. , Geology of Iowa, Vol. 2, p. 186, ' 1870. 
6B Idem, pp. 196-197. 
64 White, C. A., U . S. G. S. Bull. 82, pp. 14()'"164, 1891. 
6:i Idem, p. 164. . 
66 Todd, J. E. , Iowa Acad. Sci. Prec. , Vol. I, part ii, pp. 13-14. 1892. 
67 Todd, op. cit., p. 13. 
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White's Inoceramus beds, and the balance of the beds down to the 
limestone would be included in White's Woodbury sandstones and 
shales, making a total of 330 feet of this formation underlying Ponca, 
Nebraska. Todd's descriptions of the formations are very interesting, 
but it is doubtful if there are 230 feet of sand or sandstone in the !lec-
tion, as all other sections in the region do not indicate such a purity of 
materials. The lowest Cretaceous in the well record, which. Todd 
describes "with grains like · 'greensand' ", may have considerable sig-
nificance. From observations elsewhere the writer believes the grains 
are glauconite. 
A well at Sioux City which starts below the top of the Dakota 
shows 191 feet of sand and sandstone which Todd68 calls Dakota; 
the Le Mars well shows 147 feet · of the same material; and it is ,be-
lieved that 109 feet of dark gray sane}. at Emmetsburg is the equivalent 
of the Dakota. 
Calvin69 made an 'important'contripution in 1892 when he reviewed 
the classifications of the Cretaceous of th~ Sioux City area'1.S used by 
the U. S . Geological Survey and by the Iowa geologists. Calvin's 
generalized .section of the Cretaceous rocks exposed in the bluffs facing 
Big 'Sioux rive-r is 'given ·below ·;70 
9. Calcareous . beds consisting of chalk and soft, thin bedded lime-, 
stone, containing shells of Inoceramus problematicus, Ostrea. 
ctmgesta; and teeth of Otodus, PtycHodus .arid other selachians 30 Ft. 
8. Shales more or less unctuo)ls to the feel, somewhat variable in 
color and texture, containing remains of saurians and teleost 
fishes, the upper beds sometimes 'bearing impressions of'Tnoccr-. 
amus problcmaticttS ... .. . . ............. . ..... ... ...... .. . .. 40 .Ft. 
7. Argill6-calcareous or a:reriaceo-calcan:ous beds with much sele-
nite .(varying with locality) , .. ..... '., .. .. , .. , ... . ...... . .. ,'" < .20 Ft. · 
6. Blue, yellow and red mottled clays (terra cotta clays) with sel- . 
enite crystals and some 1)treaks of sand .. ........ . .. : ..... . . .30 Ft. 
5. Band of impure ,lignite •......... .. . , .. ...... . , '" .. .. ', ' .... . " .. 4 to 6 In. 
4. Shales with usually two, but sometimes more, well-marked thin 
bands of ferruginous concretionary sandstone '("Buttons" of the 
clay workers) ........ . . .... . ' ....... . : . . ",' . . ... : . . . . . . . . . . , 16 Ft. 
3. Massive sandstone, mostly soft; but in place's containing large 
concretionary masses several feet 'in diameter in appearance 
and hardness resembling quartzite ... .... '. '. . .. . . . . . . . . . . .. . . 10 Ft. 
2. , Grayish and mottled shales with thin ferruginous bands and 
arenaceous ' layers ... . . .. .. .. ......... . ....... , . . ..... ... ..... 12 Ft. 
1. Irregular 'beds of sandstone varying in color and texture and 
,j.nterstratified with thin beds of shale ..... .................... '. . 18· ·Ft. 
The section as given totals 176 'feet, the upper 70 feet being younger 
than Dakota. Calvin71 states: ''"£(!ds ito 7 inclusive are the 'strati-
68 Idem, p. 14. 
69 Calvin, S., Iowa Acad. Sci. Proc., Vol. I, part iii, pp. 7-12, 1893. 
70 Idem, p. 8. 
7l Calvin, op. cit. , p. 10. 
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, graphical equivalents of beds near Ponca, Nebraska, which Hayden 
refers to· the Dakota group. No. 8 includes beds that at Ponca and St. 
Helena hav~ been referred to the Fort Benton, group by the same 
author, and the Inoceramus beds No.9, are the exact equivalents of 
the lower twenty or thirty feet of the Niobrara group." Calvin dis-
cusses the conditions of deposition of the Cretaceous and concludes 
that northwestern Iowa was near the shore line of a slowly advancing 
sea that came from the west. The differences in the character of the 
beds at Sioux City which Calvin called Niobrara and the beds of the 
same age at the type locality 8S miles we~t are due, he thought, to' 
the differences in the position of the shore line'. The differences in 
the lithology of the Dakota are explained in a similar W(ly: "The 
sandstones and shales of the Dakota group, with respect to the lower 
portions at least, were accumulated in a rather shallow l~md locked 
sea. Currents swept the sand back and forth , sometimes, building 
up, and again tearing down, previously constructed beds, and so pro-
duced the fine examples of cross bedding or current structure"; and: 
"The few molluscan species found in the lower part of the Dakota 
group indicate the presence of brackish water. The numerous vegetable 
remains which characterize the group imply that the large volumes of 
drainage waters which maintained the conditions favorable to the 
ex.istence of brackish water mollusks, carried not only sand but. swept 
in leaves and trunks of the willow, poplar, magnolia, and other forest 
trees, from the adjacent lands."72 The Fort Benton grotJP merely 
represents a deep or open water sea that developed by a slowly subsiding 
ocean basin from the conditions described for the Dakota. These 
interpretations aid Calvirt73 to conclude "that the question of dividing 
the sediments into distinct groups at all is simply one of conv~nience" 
and as "the upper portions of the Dakota merge gradually into the Fort 
Benton" such divisions, if made, must' be purely 'arbitrary. 
Calvin74 expresses a law which is now generally well understood, 
though sometimes neglected. that : "Synchronous deposits of the same 
geologic basin are more likely to present uniform lithological and 
paleontological characters, if the geologist traces them along a line 
parallel to the shore of the basin. If the observations are made along ' 
the line that is radial to the geologic basin," or at right angles to the, 
trend of the shore, the different parts of absolutely synchronous beds 
are almost certaip. to vary in lithological and paleontological character-
istics, so much as sometimes to make it appear that different parts of 
the same bed belong to different geologic epochs." 
72 Calvin, S. , op .. cit., p. 11. 
T8 lliem, pp. 11·12: 
14 Idem, p. 12. 
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Hicks75 reported in 1885 the finding of a new locality of Dakota 
marine invertebrates in southern Nebraska and discussed the "beach 
structure" of the sandstone. Later he described this locality in "Jeffer-
son county, Nebraska, 5 miles west of north from F'airbury, about 1 
mile from the Little Blue dver - - - upon the north side of a deep 
ravine about halfway up the, slope. This ravine runs into Whiskey 
Run, and the latter empties into Little Blue river".76 White made a 
study of Hicks' collection and decided the mollusks to be fresh water 
types. In general, Whi~e is skeptical of any marine Dakota, tending to 
believe at that time that the collections of marine invertebrates from 
central Kansas, as reported by Mudge, belong to a lower formation, 
and doubting if the, evidence of two or three marine forms from the 
Dakota of the Big Sioux river area is sufficient to warrant the con-
clusion that marine conditions existed at that place. 
White identified and figured the following species: 
Unio barbouri n. sp. 
Unio sp. ? ' 
Corbula hicksii n. sp. 
Goniobasis ieffersonensis n. sp. 
Goniobasis sp. 
Pyrgulifera meekii n. sp. 
V:iviparus hicksii n. sp. 
Keyes.77 Calvin78 and Bain7980 published a"rticles on the Cretaceous 
of Iowa in the 1890's. Most 'of this material is a repetition of . the 
articles that have been reviewed, and very little new was added. Keyes 
called the Fort Dodge gypsum beds 'Cretaceous, believing they were 
deposited at the same time as the Niobrara chalks along Missouri 
river.81 
Bartsch82 lists 16 species of leaves from a ferruginous sandstone lens 
of a shal~ formation exposed just north of Sergeant Bluff. He sug-
gests that the autumn winds would blow leaves from the upland or 
intermarsh trees into the marshes, lagoons, bayous and other submerged 
areas, where the leaves were covered under, the sediment of sand and 
silt Qrought in ,by the fall rains. 
In 1900 Gould88 published an extensive review of the Dakota of 
Kansas and Nebraska. He gives a good historical sketch of the de-
75 Hicks, Proc. Amer. Assoc. Adv. Sci. , Vol. 34, pp. 217·219, '1885. 
76 White, U . S., Natl. Mus. Proc., Vol. 17, pp. 131·138, 1894. 
77 Keyes, C. R., Iowa Geol. Survey, Vol. I, pp, 123·128, ~893. 
78 Calvin, S. , Iowa Geol. Survey, Vol. I, pp. 147·161, 1893. 
79 Bain, H . F., Iowa Geol. Survey, Vol. III, pp. 99·114, 1895. 
so Bain, H. F., I'owa Geol. Survey, Vol. V, pp. 241·299, 1896. 
Sl Keyes, op. cit., p. 137. , 
32 Bartsch, P. , Bull. Lab. Nat: Hist. S. U . 1., Vol. ,3, NQ. 4, po. 178, 1896. 
53 Gould, C. N., Kans. Acad. Sci. Trans., Vol. 17, pp; 122·178, 1901. 
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velopment of the studies on the Dakota and a good bibliography. His 
references to the type area of the Dakota formation include a review 
of the literature which has already been discussed in this paper and a 
very generalized section which he compiled from his own observations 
and the published sections. Gould finds difficulty in determining the 
lower limits of the Dakota, as he recognizes the condition in central 
Kansas where the '.'Dakota flora" occurs beneath the marine Mentor 
of Washita age. The top of the Dakota formation is indefinite, and 
indicates a transition to the . Benton formation: Gould is "reluctantly 
forced to the conclusion that any persistent or ' general division of the 
Dakota group is not only impracticable, but, in the light of our present 
knowledge, impossible."84 As to the origin of the deposits, Gould does 
not offer any new suggestion but concurs with Lesquereux, whom h~ 
. quotes as considering the Dakota as a series of deposits made in shallow 
water near the strand line, and often with the land deposits pushing out 
into the sea. The flora, according to Lesquer~ux,85 has been "derived 
from trees or groups of trees growing in the vicinity of muddy bot-
toms, where they have been buried and fossilized." 
Gould86 gave a v.ery general description in '1900 of the Dakota forma-
tion of Nebraska, but. without adding materially to ~hat was already 
known. The best part of this paper is his statement of the location of 
the various types of Dakota in the state. A year later87 he gave a 
comparison between the Nebraska and Kansas Dakota and again cited 
locations and gave some good sections. Very 'little of the type section 
is discussed in this paper. However, this is orte 'of -the first publica-
tions givi~g a detailed description and correlation of the Dakota forma-
tion from Nebraska to Kansas. 
The first general geological study made of Dakota county, Nebraska, 
was published in 1903 by Burchard.88 In this report Burchard reviews 
the work of previous geologists, gives records of deep wells, gives 
several new sections, especially near Homer, Nebraska, and gives a 
detailed account of the lignite beds. No new conclusions are reached 
concerning the history of the sediments, as his interpretations are es-
sentially the same as those made by Calvin.89 Burchard places the 
division between the Dakota and the Graneros at the ba,se of the Ben-
84 Idem, p. 144. 
8~ Idem. p. 145. ' 
86 Gould, C. N., Am. Jour. Sci., Ser. 4, Vol. 9, pp. 429·433, 1900. 
87 Gould, C. N., Kansas Acad. Sci. Trans., Vol. 17, pp. 122·178, 1901 .. 
88 Burchar.d, E. F., Acad. Sci. and L.etters Proc., Sioux City, Vol. 1, pp. 135·184, 1903'·4. 
Be Calvin, ~owa Acad. Sci. Proc., Vol. I, part iii, pp. 7·12, 1893. 
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ton, "at the upper plant bearing sandstone member of the Dakota."9o 
In the comprehensive report by Darton91 published in 1905 . are 
found the sections and localities of the Dakota formation of Nebraska, 
much as in previous reports by other. authors. Darton emphasizes the 
irregular contact of the Dakota on the Carboniferous limestones as 
observed in the southeastern part of the state and infers a marine 
origin for the Dakota. He says92 "the contact line between the Dakota 
sandstone and the Carboniferous beds in eastern Nebraska presents 
many steep slopes, indicating an irregular shore line against which 
Dakota sediments were deposited." However, in speaking of the coarse 
conglomerates and 'peanut gravels' near Cedar Creek, Darton93 sug-
gests they are "probably marking old stream courses in the Dakota 
deposition." The general irregularity at the base of the Dakota (and 
in Nebraska it is in contact with 'Pennsylvanian or Permian limestones 
and calcareous shales) becomes obvious when the thickness of the 
Dakota type of sandstone is observed in the many deep wells of the 
state. The thickness of the Dakota ranges from less than one hundred 
feet to about four hundred feet. 
In Water Supply Paper 215 Condra94 describes the Dakota sand-
stone of northeastern Nebraska and gives several sections of the 
formation in the type area. He notes the irregular thickness of the 
formation indicated in the deep wells of the area. One point which 
he makes that is worthy of note here is his statement that "the com-
ponent beds of the Dakota formation in this region are not sufficiently 
continuous, extensive, nor distinctive to afford a basis for subdividing 
the formation into different horizons."95 
In his description of the geology of the Elk Point quadrangle Todd96 
uses the previously described sections of the Sioux City and Dakota 
county areas in his discussion of the .Dakota sandstone. 
Darton97 does not discuss the type section of the Dakota formation 
~n his water supply paper on South Dakota. He gives a number of well 
records which mention the thickness of the formation in adjacent locali-
ties and ·indicate the extreme variability of the sandstone. A point 
90 Burchard, . Idem, p. 150. 
91 Darton, N. R., U. S. Geo!. Surv. Prof. Paper 32, pp. 140-144, 1905 . 
. ~; Idem, p_ 140. 
Idem, p_ 143 . 
. :: Condra, G_ E., U. S_ Geo!. Survey Water Supply .Paper 215, 5~ pp., 1905. 
Idem, p. 9. 
96 Todd, U. S. Geologic Atlas, Folio No_ 156, 1908. 
97 Darton, N. R _, U. S. Geo!. Surv_ W. S. Paper 2Z7, 1909. 
222 TODD'S VIEWS ON AGE OF DAKOTA 
of interest is the statement that wells drilled at Yankton, South Dakota, 
pass from the Dakota formation into Sioux quartzite.os 
From 1910 to the' present many papers have appeared by various 
authQrs, who have discussed the Dakota sandstone formation of locali-
ties in the central interior of the United States. Practically all of 
these writers have made brief references to .the type area of the Dakota 
formation, without adding to the detailed knowledge or interpretation 
of the sections. In many cases, however, the interpretations made by 
the various writers for the Dakota formation in other regions have 
been helpful in the study at the type locality. 'For this reason brief 
mention of such contributions is made here . 
. ToddoO reviewed the literature concerning the age of the Dakota 
stage and reached the conclusion that it is Lower Cretaceous in age. 
Much of the question as to the age of the Dakota stage arises from 
studies of the beds in localities other than the type area. 
The relationships of the Dakota stage in the Black Hills, in Kansas, 
in Colorado and other places show that the problem is not simple. It 
might be .said here that this difficulty has arisen from an effort to 
correlate over too wide an area a sandstone and shale series lying be-
neath the chalk beds. The paleophysiographical conditions of the in-
terior and the older sea and land deposits varied so greatly that the 
Dakota overlapped beds of widely different ages or' in some cases was 
nearly continuous with only slightly older deposits: The resulting 
variations of environment and modes of deposition of the Dakota stage 
complicate the problem. The question of the real age of the Dakota 
stage in the many localities is still unsolved, as it' was when Todd con-
sidered the subject. Unfortunately, Todd failed to clarify the problem, 
as he denied the possibility of the Dakota stage . being of different 
ages in different localities. To in~icate his stand, the following quota-
tions from his summary should suffice :100 
"From the stC!-ndpoint of stratigraphy, it is questionable whether 
much, if any; of the present Dakota sandstone was laid down con-
temporaneously with any of the marine Upper Cretaceous. No doubt 
there were terrestrial deposits laid down over the Great Plains, while 
marine beds, now recognized as Upper Cretaceous, were forming in 
southern Texas or Mexico; but in the later transgression of the sea 
northward several feet in thickness of such beds must have been cut 
98 Idem, I!. 146. 
99 Todd, J . E ., Kansas Acad. Sei. Trans., Vol •. 23 and 24, pp. 65-69, 1911. 
100 Idem, pp. 68-69. 
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away by the wave action and rearranged it'! the Benton of the Upper 
Cretaceous, as Grabau argues. This may have removed all which was 
formed on the land during such transgression, and should it ever be 
found to be otherwise, still the rational and most convenient place of 
division would be above the Dakota. 
The invertebrate remains of the Dakota are closely akin . to those 
counted Lower Cretaceous, and are quite distinct from those of the 
Upper Cretaceous. The plant life, also, though less decisive, is in part 
at least coordinate with that of the beds below rather than with that 
of those above. The paleontological evidence, therefore, favors the 
same division as the stratigraphical. 
Lithologically, also, the most natural classification will be to put the 
whole of the Dakota, as originally limited in the Lower Cretaceous. 
To divide it in most cases brings greater confusion. The division be-
tween the Dakota and Benton is not very sharply defined, for it takes 
a few scores of feet to change from a qecidedly sandy formation 
to one decidedly clayey, several variable thin strata of sand and shale 
being intermingled between. As it marks the advent of the sea, how-
ever, the occurrence of marine fossils assists in the demarkation." 
These statements summarize Todd's reasons for placing the Dakota in 
the Lower Cretaceous. 
In a short abstract published in 1913, Keyes101 gives a new nomencla-
ture for the 'Cretacic' sequence of Iowa. Seven zones are made of the 
approximately 800 feet of strata, beginning at the top; Niobrara lime-
stone, Hawarden shales, Crill limestone, Woodbury shales, Ponca ;and-
stone, Sergeant shales, and Nishnabotna shales. This section has not 
been adopted by the' Iowa or other geologists, as the names merely 
duplicate the formations named by Meek and Hayden or d~ not have 
stratigraphic value. 
Twenhofepo2. 108 has made extensive studies of the Dakota and 
Comanchean formations of Kansas, bringing to date the previous work . 
on the Comanchean, and making a significant contribution to the 
paleontological knowledge of the Comanchean. Twenhofel is strongly 
of the opinion that the 'Dakota' belongs to a series of sands and clar~ 
that were deposited as deltas, stream ch~nnel deposits, and possibly 
in littoral or marginal lagoons, and that "parts of 'the 'Dakota' sand-
stone of Kansas and the marine strata known as the Kiowa-Mentor 
101 Keyes, Science, N. S., Vol. 38, p. 241, 1913. 
102 Twenhofel, W. H ., Kansas Acad. ScI. Trans., Vol. 28, pp. 213·233, 1917. 
108 Twenhofel, W. H., Am. lour. Sci., Ser. 4, Vol. 49, pp. 281·297, 19a:l. See also Kans. Geol. 
Surv., Bull. 9, 135 pp., iUs., 1924. 
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were deposited during the same general interval of time, the . former 
being the continental equivalent of the latter."lo4 
In describing the Mentor-Dakota sequenc~ Twenhofello5 notes that 
the several marine horizons of the southern part of Kansas drop out 
nor.thward, "but at least one marine horizon extends as far north as 
southeastern South Dakota." In making reference to the Dakota o~ 
the type area TwenhofeFo6 takes the statement of Meek that the Dakota 
formation is about 400 feet thick, and further states: "From some 
horizon or horizons of this sequence have been colleCted the following 
invertebrates: Arcopagella? macrodonta Meek, Cyrena dakotensis 
Meek, M actra siouzensis ·Meek, M argaritana nebraskensis Meek, 
Pharella dakotensis Meek, Trigonarca siouzensis Meek. The zone con-
taining the fossils correlates best with the thin sand layers in the upper 
Dakota· of Kansas. The shells may have been inhabitants of brackish 
water, but not fresh water, as nearly related forms occur in the marine 
Mentor." 
The difficulties of drawing the base of the Upper Cretaceous on the 
basis of the observations in Kansas and elsewhere' are readily appreci-
ated by Twenhofel. If the Cretaceous beds of North America are to 
be divided into Lower, or Comanchean, and Upper, where should the 
line be drawn? Twenhofel believes the line should be drawn, so fa,:, 
as Kansas is concerned, between the last appearance of the Washita 
fauna and the first appearance of the Benton fauna. lOT According to 
his interpretation this would place the Dakota·· of Kansas in the Lower 
Cretaceous. At the same time he recognizes the prevalent opinion, held 
by some American and European geologists, which regards the Washita 
as the equivalent of the Cenomanian of the Upper Cretaceous . of 
Europe. Even though Twenhofel bases his separation of Lower and 
Upper Cretaceous in Kansas on what he believes to be an extensive 
withdrawal of the sea at the close of Washita time, he realizes this 
might mean a difference in the exact age for the Washita as com-
pared with the formations separated by a marine withdr:awal-in Europe,. 
Berrylo8 challenges the statements made by TwenhofeFo9 in placing 
the boundary between the Lower Cretaceous, or Comanchean, and the 
Upper Cretaceous at the top of the Dakota or the base of the Benton 
of Kansas. Berry calls attention to the errors· which have arisen from 
1~ Kansas Geol. Surv. Bull. 9, p. 41. 
lOll Am. Jour. Sci., Vol. 49, p. 286, 1W. 
~06 Idem, p. 292. 
101 Idem, p. 294. 
108 Berry, Am. Jour. Sci., Ser, 4, Vol. SO, pp. 387·390, 1920. 
109 Op. cit., pp. 294·295. 
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the confusion about the so-called "Dakota flora." The early collec-
tions were made from ferruginous sandstones in Nebraska, Kansas, 
Oklahoma, Colorado and other states and merely labelled "Dakota 
sandstone," without notes concerning the stratigraphic position of the 
, sandstone or any of the usual details accompan,ying a fossil collection. 
According to Berry, this has caused a large number of species to be 
included in the "Dakota flora" which in reality come from horizons 
lower, and in some cases much older, than the true Dakota. One 
notable example is the Cheyenne sandstone of southern Kansas and the 
sandstones bearing dicotyledonous leaves below the marine Mentor of 
c'entral Kansas. Berry' bases the "true Dakota" flor'a on the flora of 
the Woodbine formatiol1 of Texas and corresponding ages else-
whereYo The Woodbin~ flora, he says, is intimately associated with 
the Benton transgression, while the Cheyenne flora has nothing in 
common with the "true Dakota" flora. No reference is made to the 
flora from the sandstones of the Dakota type area. 
The same authorlll . mentions the typical Dakota in 'his paper on the 
flora of the Cheyenne sandstone. He comments: "As originally under-
stood the term Dakota was applied to the pre-Benton Cretaceous, no 
Lower Cretaceous being recognized in that region. Unquestionably 
the typical Dakota sandstone represents the littoral or marginal deposits 
of the transgressing Benton sea - - -.'; 
Stanton112 recently brought to the attention of geological workers the 
status of the various problems c.onnected with the Dakota sandstone. 
I t is obvious that the problex:ns have only been scratched on the surface 
and that much work remains to be 90ne. As this is a general paper, 
only -brief references are made' t~ the type section, but , because of the 
prominence of this paper, a more complete review will be made. 
Several lists of, fossils collect~d and identified by Stanton appear for 
the first time, and for comparative purposes later .they are given here. 
From a locality discovered by Gould near Jackson, Nebraska, the fol-
lowi'ng forms have been recognized:118 
Ostrea sp. 
Trigonarca siouxensis Hall and Meek 
Arcopagella? macrodonta Meek? 
*Pharella ? 
Corbula hicksii White 
Martesia ' ? ,sp. Cast's of burrows in wood 
Pseudomelania ? sp. ' 
----
110 Berry, op. cit., p. 387. 
111 Berry, E. W .. U . S. Geo!. Surv. Prof. Paper 129, pp. 199·231, 1922. 
112 Stanton, T. W., Geo!. Soc. America Bull., Vol. 23, pp. 255·272, 1922. 
118 Idem, p. 256. ' , ' 
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*Vivipara hicksii White ? 
Volutoderma ? sp. 
Vertebra of fish 
Vertebra of turtle 
. Tooth of eroeqdile 
Stanton comments that most of these forms indicate marine waters 
(except those marked *, which may be either fresh or brackish water) . 
and that the sediments indicate a struggle between sea and land along 
a low sandy shore with swamps, lagoons arid inlets. 
From a locality near Beloit and Denmark, Kansas, Stanton114 col-
lected and identified the following species: 
Ostrea sp. Large simple form 
Anomia sp. 
Modiolus sp. Related to M. filiseulptus Cragin . 
Cervillia sp. 
Trigonarea siouxensis Hall and Meek 
Cyrena ? sp. Resembles C. dakotensis Meek 
Tellina sp. . 
Corbula sp. 
Anatina sp. 
Pseudomelania ? sp. 
Anehura sp. 
From approximately the same horizon in a coal mine shaft two miles 
north of Denmark, Kansas, the following forms were collected:115 
Ostrea sp. Small simple form 
Anomia sp. I . 
Modiolus sp. Related to M. filiseulptus Cragin 
Area sp. .' . 
Anatina sp. .Same as at Beloit 
Commenting on the last two coll~ctions, Stanton states: "These 
fossils show no closer relationships with ~he Mentor and other upper 
Comanche faunas than is indicated by the presence of some genera in 
common. The specific identities all ~onnectit with the upper Dakota 
fauna of Nebraska." 
After reviewing the evidence of the Texas, Colorado, Black 1~i11s 
and other sections, StantonllG concludes: "The encroachment of the 
sea on. the Ame~ican continent ' which inaugurated Trinity (earliest 
Comanche) time was gradually continued throughout Trinity ' and 
Fredericksburg time., but at the beginning of the Washita the move-
ment was accelerated without previous reversal and .the sea soon reached 
Kansas and Colorado." Rather than a complete withdrawal of the 
sea to Texas at the close of Mentor time in Kansas, as suggested by 
Twenhofel,117 Stanton believes that the sea merely halted for a .time, 
IH Idem, p. 260. 
115 Stanton, op. cit., p. 260. 
116 Idem, p. Z70. 
117 Twenhofel, Am. Jour. Sci., Ser. 4, Vol. 49, pp. 289' 294, 1920. 
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during which the Dakota was deposited. Because of the conditions in 
northern Colorado and the Black Hills, Stanton does not believe the 
Washita sea extended beyond southern Colorado and central · Kansas. 
Reeside1l8 'described a small fauna from rocks correlated as Dakota, 
near Bellvue, Colorado. and adjacent localities. This fauna he be-
lieves to be "more like that of the Washita group than that of the 
succeeding Benton shale, or that of any known Dakota beds, and a 
correlation based on the faunas must be a correlation with the Washita 
rather than with the Benton."119 The fauna is small and lacks some 
of the most characteristic of the Washita-Kiowa-Mentor . species, but it 
is true that the presence of Inoceramus comancheanus Cragin, Pteria 
salinensis White, and Anchura kiowana Cragin certainly have a Kiowa-
Mentor aspect. The large amount of fish scales and bone material in 
the collection is more indicative of later Cretaceous or Benton age. 
Reeside also notes that. in Kansas the Washita and Dakota beds are so 
intimately related that any great difference in age is impossible. 
The most extensive contribution to Cretaceous stratigraphy in recent 
years has been made by Lee.120 After years of detailed study of sec-
tions. throughout the western interior and the Rocky Mountain states, 
Lee was able to make correlations and suggestions concerning the con-
ditions of deposition of sediments which have been puzzling geologists 
for a long time. Lee stresses the importance of structural relations . and 
believes they are of much mOre significance than fossils ' in separating 
the rocks into systems and series. 
Lee uses the name "Dakota group" for the section along the Rocky 
Mountains, especially at Bellvue, Colorado, and he believes "these rocks 
form a group, as that term is used both popularly and technically."121 
He recognizes the presence of rocks ofboth Upper and Lower Cretace-
ous ages as classified by the U. S. Geological Survey. His belief ' is 
best understood' by quoting his repetition ·of .his statement made in 
1923.122 
"There is no single, definite, persistent, and easily recognized 
sandstone, such as was formerly supposed to exist and was 
termed the Dakota sandstone. In its place there is a group of 
intimately related beds, probably even more complicated than the 
----
118 Reeside, U. S. Geol. Surv. Prof. Paper 131, pp. 199·alS, 1923. 
119 Idem, p. axl. 
120 Lee, W. T., U. S. Geol. Surv. Prof. Paper 149,. 80 pp.,. 1927. 
121 Idem, p. 25. . 
. 122 Idem, p. 25. 
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correlation lines- - - indicate. Doubtless there are many over-, 
lapping lenses that differ slightly in age. The group as a whole 
is interpreted as the result of accumulation of sediments near the 
strand line of the advancing sea, and as such it differs jn ilge 
from place to place by the length of time consumed by the ad-
vance of the strand line across the interv(!ning distance." 
On another page Lee128 discusses the gen~~al conditions which pre-
vailed at each stage and emphasizes his belief that the Morrison forma-
tion of Colorado is Lower Cretaceous in age and that Upper Cretaceous 
time began with the extensive sea invasion, with the deposition of the ' 
conglomerate which ?e has been able to trace t!lroughout large areas. 
The variations in the ' Dakota group as he describes it are due to the 
slowness of the general advance of the Upper Cretaceous sea, with its 
many fluctuations and minor retreats. Rocks not strictly marine would 
be formed along the coastal plain or littora:I zones, to be covered later 
by the oncoming sea. With this understanding Lee124 "regards the 
group as the early sedimentary expression of ,the great marine Cre-
taceous succession of the -West" but "does not correlate its iridividual 
beds from place to place with great exact~ess. - - - Nevertheless, a 
significant succession is recognizable in many places." 
It 'might be ,added here that Lee has placed the Washita beds of 
Kansas in the Upper Cretaceous, partly because , he corrruated the 
Washita with the Cenomanian, a part of the Upper ,Cretaceo'us of 
Europe. It iS 'generally recognized in this country that the Washita-
Kiowa ~ocks of Kansas are younger than ,the European Lower Cre- ' 
taceous. In the same way, Lee includes the Purgatoire of southeaster,n 
Colorado in his '-'Dakota group." It seems very likely that Lee has 
given impetus to ideas that have been in the background for Cl; long time 
and that once given the necessary complete study will aid in the solu"; 
{ion of the Dakota problem. ' ~ 
Russe'll125 has made the ~ostrecent contrib1,ltion to the gen'e~al study 
of the Dakota sandstone. It is his opinion that the Dakota of the 
Black Hills is ' older than that of the type locality. He quotes Berry 
fo thJ ' effect that the 'Newcastle member of the Mowry in th(! Black 
Hills carries a flora that is older than the type Dakota flora. 126 Russell 
. :' . . . 
123 Idem, p. 19_ 
124 OP, cit., p , 19. 
125 Russell, W. L ., Econ. Geol., Vol. 23, PP, 132-155, 1928, 
128 Idem, p. 135, 
.. 
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Calvin, Keyes and others des,cribe the occurrence of boulders contain-
, ing Benton,' Niobrara and younger Cretaceous fossils in the glacial 
drift of various parts of Iowa. 
Considerable time has been spent in the field endeavoring to locate 
outcrops from which the "Mentor fauna boulder" might have been 
derived, but so far the search has been unsuccessful. 
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concludes that the condition of deposition caused an overlap of the 
Dakota formation from the Black Hills eastward to northeast Nebraska , 
and northwest Iowa and that the sediments were derived from the east, 
, . 
He uses the direction of inclination of for'eset 'beds in the cross-bedded 
zones for the principal evidence. In the Black Hills, he says, the 
oblique lamination of the Lakota, Fuson and the so-called Dakota sand-
stones have a marked northwest dip, indicating a source of the sedi-
ments to the southeast. The thickening of the Graneros from 50 or 
100 feet in northeast Nebraska to 1000 feet in the Black Hills is also 
used as' evidefice of the eastward migration of the shore-line. Russell 
is convinced that the Dakota is extremely lenticular, so much so that 
-it could not be a good aquifer, and. gi~es as one of his reasons that 
"most of the Dakota strata are of terrestrial origin.11l27 However, 
marin~ sands, possibly as littoral bars, barrier beaches and such, must 
have been' common during this time, for RusseIF28 says that the upper 
Dakota beds "are formed as overlaps or oblique transitions along the 
shores of an adval1cing sea, and the topmost strata are much younger 
towards the east.- -." 
The discussion of Russell's paper by Piper129 se,ts right some facts. 
Piper is of the opinion that the Dakota sandstone lenses have fair con-
tinuity when understood in three dimensions. He .points out the wide 
variety of environmental conditions of deposition, saying they "are 
river channel, river flood plain, tidal swamp, beach and shallow marine 
sediments transported by westward-flowing streams and deposited 
along and adjacent to a strand line whkh migrated progressively north-
ward and eastward."130 
In 'December, 1926, the writer131 presented a short paper to the 
Paleontological Society at their Madison meeting, describing the oc-
currence in the Kans;mglacial till of western Iowa of cobbles of a red 
ferruginous sandstone containing a marine fauna of Mentor aspect. 
The physical character of the sandstone of these cobbles is very similar 
to that of zone 6a in Section 1 at Sioux City, described in the present 
paper. The Mentor fauna is also closely related to the invertebrates 
occurring in zone 6a of the section just mentioned. Similar erratics 
have not been reported previously, although many short papers by 
! 127 Russell, op, ci t ., p. 151. 
128 Idem, p. 151. 
129 Piper, Econ. Geol., Vol. 23, pp. 683·696, 1928. 
]80 Idem, p. 686. , 
181 Tester, Bull. Geol. Soc. Am., Vol. 38, p. 233, abo., 1927. 
CHAPTER IV 
THE USE OF ROCK TERMS FOR THE DAKOTA 
It is evident from the various quotations in the foregoing pages that 
confusion exists as to the kind of term which should be applied to the 
rocks which comprise the sandstones, shales and other types ' of rocks 
named Dakota by ~eek and Haydert. . . 
The original definition of the rocks as given by Meek and HaydenlS2 
used the term Dakota group, a part of the "lower series" of the "Cre-
-taceous formation." The "lower series" included the Dakota group, 
Fort Benton group and Niobrara division or group. The authors of 
the Mis~ouri section do not define their understanding ' of the terms 
group, formation or series. It is apparent from their application ~hat 
the term series denotes rocks of like paleontological characteristics, or 
at least rocks with a variable ~ossil content, but one distinctly different 
from the fossils of the overlying and underlying series. The term 
group apparently is llsed by Meek1ss to designate a sequence of rocks 
lithologically similar, or if dissimilar or of non-persistent zones;' the . 
sequence is distinct from the overlying and underlying group. 
The term system of rocks or period of time is 'widely accepted and 
used, and there is no need to vary from the rule. To speak of · the 
Lower Cretaceous Series, as used by the ' U. S. Geological Survey, 
would not be in_accordance. with the method of applying geographic 
terms to rock divisions. The use of lower, middle and upper as applied 
to various systems is merely a convenience and does not justify the 
designation of the term series. A series of . rocks might represent, in 
the writer's opinion; the lower and middle, or the early and middle 
parts of a system; or the early p~~t of a system. might be composed of 
more than one series. 
The term group, however, is used in different. ways. The United 
States Geological Survey184 uses the term to designate "several forma-
tions assembled into a group", and a formation is described as a 
division of a series, the series being a division of a system. The U. S. 
Geological Survey does not use the term group in the same sense as it 
182 Meek ' and Hayde;. Phil. Acad. Nat. Sci. Proc .• Vo!' 13, pp. 415-447, 1862; Meek, F. B., 
U. S. Geo!. Surv. Terr., Vol. 9, p. 25, 1867. 
188 Meek, Idem, p. 25. • 
18' Wilmarth, U. S. Geol. ··Surv. 'Bull . . 769, IL 4, 1925. 
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uses series, even though it may appear that the two are synonymous, 
from the fact that several formations may be grouped either as a series 
or as a group., The term group really means, in their usage, a sequence 
of formations of srt:laller magnitude than a series. By eliminating this 
overlap of words, either grou,p or series could be freed and used for 
the rock equivalent of era. As considerable usage now demands the 
word group for the rocks of an era, it is logical that this change be 
acaepted. . 
It seems desirable that a standard system be used for rock divisions. 
The binomial system now in use by many writers might be the most 
satisfactory. The literature is so thoroughly saturated with a variety 
of usages of some terms that many argue that it is impossible to change. 
To t~e writer this is one of the strongest arguments for the standard-
ization of terms. The confu~ion made in the past does not justify such 
a continuation, and no time is better than the present for ~ correction. 
The usage of terms as applied to the Dakota sandstone is a strong 
example of the lack of standardization. The Meek and Hayden defini-
tion used the term group. · Other writers have used series, stage, 
formation, and many merely used Dakota sandstone. The various 
terms that have been applied to the Dakota by a number of' writers and 
state publications are indicated below. 
Group 
. Meek and Hayden, U. S. G. S. and other articles, 1866-1~76. 
King, U. S. G. S. 40th parallel, Vol. I, .pp. 298-300, 1878. 
Calvin, Iowa Geol. Survey, Vol. I, p. 149, 1~93. 
Dana, Manual of Geology, p. 815, 1895. 
Logan, Kansas Survey, Vol. II, p. 200, 1897. 
Gould, Kansas Acad. Sci. Trans., Vol. 17, p. 123, 1900. 
Le Conte, Elements of Geology, 5th ed., p. 491, 1903. Uses Dakota Group and 
Dakota Epoch. 
Lee, U. ,So G. S. Prof. Paper .149, p. 25, 1927. 
Series 
Grabau, Textbook of Geology, Vol. II, p. 686, 1921. 
Stage 
Bain, Iowa Survey, Vol. V, p. 255, 1896. 
Bain, Iowa· Survey, Vol. VIII, p. 328, 1898. 
Scott, Introduction to Geology, p. 475, 1904. 
Keyes, Iowa Survey, Vol. XXII, p. 344, 1912. 
Formation 
White, U. S. Nat'l Museum, Yol. 17, ·p. 131, 1894. 
Darton, U. S. G. S. Prof. Paper 32, pp. 165-169, 1905. 
.' 
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Chamberlin a.nd Salisbury, Textbook of Geology, Vol. III, p; 144, 1906. 
Todd, Kans. Acad. Sci. Trans., Vol. 23, p. 68, 1909. 
Lee, U. S. G. S. Bull 341, pp. 320-321, 1909 . 
. Moore, Kansas Survey Bull. 6, p. 81, 1920., 
Reeside, U. S. G. S. Prof. Paper 131, p. 199, 1923: ' 
Schuchert, Textbook of Geology, Vol. II, p. 558, 1924. 
Twenhofel, Kansas Survey, Bull. 9, 1924. 
Rothrock, Oklahoma Survey, Bull. 34, p. 49, 1925. 
Gould, Oklahoma Survey, Bull. 35, 1925. 
Miller, Historical Geology, p. 270, 1928. 
Sandstone 
Berry, U. S. G. S. Prof. Paper 129, pp. 158 and 199, 1922. 
And many others. 
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In addition many writers have used Dakota without any other term, 
speaking of it as 'the Dakota'. Some writers, while avoiding a rock 
term, mention the Dakota epoch. l3G 
Leel36 recently described a section as the Dakota Group and says he 
. "believes that these rocks form a group, as that term is used both 
popularly and technically." The writer pr'esumes the technical use is 
in the sense of the U. S. Geological Survey usage, or as several forma-
tions, and probably as a subseries. 
The lithology. of the Dako~a, the distribution of the various· zones, 
the stratigraphic range and the interpretatio~s made b'y the ' writer, all 
suggest that th~ term stage be used to designate the sandstones, shales 
and clays exposed near Dakota City, Nebraska, and described by Meek 
and Hayden as the Dakota Group. 
Geologic events which are of considerable magnitude, and which 
. have some effect over a large' area, or which constitute a normal 
progression of rocks, are considered responsible for 'the deposition of 
rocks · comprising a stage. The widespread marine ,advance, with its 
shoreline variations due to minor retreats and advances of the waters 
and to the lands being built out into the ocean, or the migration of 
faunas and shifting of ocean currents, all have their effect on the 
character of the rocks. The rocks deposited under such conditions on 
an extensive scale, as they were during Dakota time, are classed. as a 
stage. It might be said that ~ stage is 'indicative of a set o.f conditions 
of rock d.eposition rather than of a distinct lithological or paleonto-
logical division. 
185 Hills, R. C., Elmora folio (No. 58) U. S. Geol. S\lrv:, 1.899. 
Cleland, Historical Geology, p . . 5·17; 1925 . . 
186 Lee, U. S. G. S. Prof. Paper, 149, p. 25, 1927. 
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. In this paper the term Dakota Stage for the rocks, or Dakota Age 
for the time, is used hereafter. It should be understood, then, that 
the writer does not conflict with the classification by Lee187 in the rank 
w.hich the Dakota . rocks hold in the aggregate of the Cretaceous sec-
tion, but that he merely uses stage instead of group, since the latter 
term is better used as the rock equivalent of era. Thus a stage becomes 
a sttbseries or several formations so closely related that they should be 
held together and still kept as divisions of a series. . 
187 Op. cit., p. 25. 
CHAPTER V 
DESCRIPTION OF THE EXPOSURES IN THE TYPE AREA. 
At the present time the finest exposures of the Dakota stage are to 
be found at Sioux City, Iowa, and its suburbs. This includes the 
Prospect Hill section, the exposures at the Sioux City Brick Company 
pits, the bluffs along Big Sioux river just south of the west entrance 
to. Stone Park, and several other minor or small outcrops. 
Other excellent sections can be observed at Sergeant Bluff, south 
- of Sioux City; the o~d Crill Mill section about seven miles south of 
Westfield, Iowa, in section 32, township 91 north, range 48 west; the 
several se~tions in . the vicinity of Homer, Nebraska;' the Aowa creek 
·exposures near Ponca, N~braska; and many other~, especially down 
Missouri river between Homer and Tekamah, Nebraska. 
The section as exposed in the Sioux City Brick .Company pits is · 
given first as it can b~ studied readily. The face is fresh from frequent 
excavation and is typical of the formations of the Dakota stage. This 
section is complete, with the exception of the lowest clay members . 
. The best invertebrate fo~sils collected by the writer came from this 
pit, and in addition it has yielded some excellent fossil leaves~ 
SECTION 1. Pits of the S ioux City Brick Company at Riverside, west part of 
Sioux City, Iowa, along the South Dakota branch of the C., M., St. P. & P. RR. 
Basf side section 23, T. 89 N., R. 48 W ., Woodbury county; elevation of top of zone 6a 
approximately 1125-1130 feet. 
ZONE 
10 
9 
Top of section, glacial drift and loess 
Limestone, chalky and argillaceous (marl-like), buff to gray color. 
Contains abundant Inoceramus, fish scales and microscopic Foraminifera. 
Grades downward to a calcareous shale. 
In thin sections the rock is extremely fine-grained, calcitic and kao-
linitic. The Foraminifera show coarser calcite in outline and cavity fill-
ings. Bands of limonitic iron oxide surround linear masses of fine cal-
cite, the bands dividing and joining to give ·a cellular structure to parts 
of the rock. Exposed .... ........... .... ... . ... .. ... .... .. .. . . .... . 
Sandstone, gray, medium- to fine-grained, dense, micaceous, and very 
firmly cemented by calcite. Contains large amount of organic material, 
chiefly fragments· of fish scales, teeth and spines. Fragments of Inoce.r-
amus shells showing prismatic calcite are common, and numerous casts 
of small pelecypods (Callista f ) are seen on weathered surfaces. Weath-
ered rock is gray to buff in color and shows prominent thin Ia,mination 
with cross-bedding and ripple marks. . . 
The thin section examination shows the high percentage of calcite pres-
ent as a cement and the abundance of glauconite. Other constituents 
include sericite, grains of quartzite, pyrite, zircon, basic feldspars, tour-
FEET· 
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ZON E .. 
maline and hornblende. About 60 per cent of the grains ar~ angular, 30 
per cent subang)llar, 5 per cent curvilinear,S per cent subround. In 
di1ut~ acid 36.4 per cent is soluble .. . ......... . .................... . 
P~otomicrograph,· Plate III, Fig. G (Ts-07044).* 
----=--
• Ts 07044 refers to thin section in the rock collection at 'the University of Iowa. 
FEET 
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SECTION OF BEDS AT SIOUX CITY 
Shale, argillaceous, blue-black, evenly ,bedded" but with many lenses of 
siltstone that , are irr.egular and that show oscillation ripple marks. 
Glauconite in siltstone, and occasional fragments of fish scales and bones 
and imperfect pelecypod casts .. . . . ...... , ... ... .... ... . .. .. ... . .. , .. 
7 (b) Sandstone, buff-gray, well cemented by calcite, thin bedded and weath-
ering in thin wavy plates exposing imperfect inter'nal molds of small 
pelecypods . ' " , . . .. . .... . .. . ..................... . . . ..... . ....... . 
7 (a) Sandstone, gray, fine-grained, with many bands of large hard, dense cal-
careous concretions. ' Base of this zone is especially concretionary, with 
much iron oxide cementing the sand and )igmtized wood ............. . 
6(c) Shale, gray, thin laminre, much selenite and fragmental plant remains .. 
6(b) Sandstone, yellow and gray, friable, with varying amounts of iron oxide. 
Very fine-grained; practically a siltstone. Laminre cross-bedded and 
variable in thickness and extent. Much shale in thin wavy lenses. Gyp-
sum is present in shale ... . ............. ~ ....... . ......... : . . .... . . 
6(a) Sandstone, gray, buff to dark red, depending on character of cement. 
4, 
Normally it is cemented by calcite like zone 9 but iron oxide replaces 
the calcite and changes the character of the rock. The maroon, choco-
late, brown, or yellow color of the iron cemented portion differs, depend-
ing upon the amount of weathering. Medium- to fine-grained, dense 
and resistant to .erosion. This zone is fossiliferous and contains marine 
mollusks and abundant fragmenfs of leaves and stems. In the calcitic 
phases the presence of tlie shells cali scarcely be detected. Considerable 
secondary gypsum (selenite) occurs in small fractures and as replace-
ments in shells. Pyrite is also commorlly associated with the concretions. 
Glauconite is moderately abundant in this rock. '29.6 per cent of orig-
inal material soluble in dilute acid .... .... . .. . . .. . . . . .. . .. .... .. ... . 
Photomicrograph Plate III, Figs. A, B, C, D; E, F, H, 1. 
Minerals: Glauconite (Biref .009-.010) R.l .-1.55 to 1.56, Zircon 
(some altered), Hornblende, Tourmaline, Mica (Muscovite) ; Magne- ' 
tite; Ilmenite (rare), Leucoxene, Garnet (rare), Pyrite, Feldspars 
(several varieties, including a few very basic ones, and many highly 
weathered wit4 devefopment of kaolinite along cleavage planes), 
Chlorite (?) (probably secom!.ary alterations product), Sillimanite, 
Quartzite (abundant), Iron oxide cement. , 
Slides of the calcitie phases show extensive alterations witJ:! iron replac-
ing calcite with the development of pseudomorphs of hematite (?) after 
calcite. Also many of the feldspars show alteration with development 
of calcite. 
Fossil List :- Tltrritella kansasellsis Meek, Margarita sp., Cardium n. 
sp., Corb{cula (?) subtrigonalis Meek, Cyrena dakotensis Meek and 
Hayden, Mactra siou.'t'ensis Meek and Hayden, Protocardia texaM Con-
rad, Trigonarca salinaensis Meek, Trigonarca siouxensis (?) Hall and 
Meek, Fish bones, Leaf fragments, Cones. 
Shale, dark blue-black, thin-bedded and fissile. Contains considerable 
selenite in small crystals and rosettes, all of which may be secondary. 
Locally some thin brown concretionary bands of arenaceous and clayey 
materials. Grades upward to sandstone with large amounts of selenite 
near base of zone 6(a) .. . . . ... . ..... . .. . . .. ..... . . . ... .. ' . . .... . .. . 
Sandstone, gray, very ,fine-grained, micaceous, has many minutely cross-
bedded zones 6 to 8 inches thick. The foresets of these zones have dif-
fering directions of inclination, though the easterly directions prevail; 
in order of numbers the direction of foresetting is, first, southeast, sec-
ond east, third northeast, and least numerous to northwest. In the up-
per three feet (4b) are numerous thin variable and disconnected bands 
of impure lignite and fire clay, and ~uch nodular pyrite. This material 
appears as: very local fillings of depressions and vertical cracks or joints 
in the soft sandstohe .' ....... .... . .. .. : . .. . .. .... . .. . . .. . . . . . . ... . . . 
J(c) Sandstone, buff, .. medium fine-grained, massive beds .. , ............ .. . . 
, ". ~ '. ( , . . . . 
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ZONE FEET 
3 (b) , Sandstone, gray, fine-grained with many thin wavy bands of gray clay. 
A few irregular concretionary zones ...... .. ....... .... ..... .... .. ... ~ 
3(a) Sandstone and siltstone, with bands of lignite, four being 7i inch or 
less in thickness .. ...... . .. .. . . . . .. ... ,' ... ... ... .. ... . .... . . ...... . 
2 Lignite, poor grade, grading downward to impure fire clay. Thickness 
appears uniform throughout exposure except for irregular base with a 
variation of 2 or 3 inches. Sharp contact at top ....... ' .. '" . . .. . . .. . 1-1~ 
Shale, very argillaceous, gray to blue-black. Texture is variable hori-
zontally. Some fine alternation of, clay with silt and sand. The upper 
4 to 6 feet is usually very free of sand, plastic or unctuous, massively 
bedded with conchoidal fracture . . . ....... .. . ... . • .. " . . . . . . . . . . . . . . . 15-16 
Total in section. ; ... . ..... . ...... , ................ .. . ... . . 135 
In 1928 the lower pit exposing zone 1 was filled with water to within 
one foot of zone 2, the lignite. 
Zone number 10 belongs, without much question, to the Greenhorn 
formation as previously described. It is possible that iones 9 and 8 
also are a part of the same formation, but there is very little change in 
lithology from the underlying sands of zone 7; There is very little 
information to use as an exact basis of division between the Dakota 
and Colorado stages. ,Zone 8 shows small oscillation ripples and con-
tains glauconite in the siltstone lenses. These two features are inter-
preted as indicators of shallow to moderately deep marine waters ' in a 
place which normally received deposits of mud; temporary shifts of 
shore currents or flood conditions of the feeding streams deposited a 
silt or fine sand. Apparently the conditions of deposition of zone 9 
were very little different from those of the deposition of the siltstone 
layers in zone 8. The age of zone 9 is more definite as it carries casts 
and fragmentary shells of characteristic Greenhorn invertebrates. Zone 
7, and the lower part of the section taken as a whole,) s only slightly 
different from zones 8 or 9, but when compared in detail the upper 
members indicate slightly more stable conditions. For example, the 
calcitic concretionary bands of 7a, 7b, and even 6a, a'nd the thin fine-
grained sandstone layers of 4 are all comparable to zone 9. The 
interbedded shales and clays are in many cases nearly the same as the 
shale of zone 8, but a greater thickness of shale was accumulated with 
thin . lenses of sand interfingering. Conditions were still unsteady, 
with shifting of currents near shores, but more stable than the condi-
tions indicated by the lower part of the sectio~. 
Wher,e then should the line be drawn separating the Dakota stage 
from the Graneros formation? In such a section, with apparent 
repetition of conditions, but .at the sa~e time with the introduction of 
new features or indications of gradual changes of environment, the 
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240 SECTION OF BEDS NEAR STONE PARK 
writer believes that any division will be purely arbitrary an'd probably 
unsatisfactory. There appears to be a transition from the more typical 
Dakota of zones 3, 4, 5 and 6, to the typical Greenhorn of zone 10. 
However, the best division, in the writer's opinion, between the Dakota 
and Graneros is to be found at the base of zone 8. 
Further comment on the character of the Dakota will be made after 
other sections in the area are described. 
SECTION 2. Section 11, t . 89 N ., R . 48 W., Woodb14ry county, Iowa, we.st of Sioux 
, .City in the bl~4f facing Big Sioux riper at old quarry site south of west entrance to 
Stone Park. Elevation at normal water level appro~imately 1102 feet. 
ZONE 
13 
12 
11 
10 
9 
8 
7 
Loess .. . .... . .. .. .. ..... . ... . .. . ...... . . . ...... . ... .. . .. . . ... ... . 
Limestone., chalky and argillaceous, gray, weathering to a 'dirty buff 
color. Thin beds 2 to 10 inches thick interbedded with calcareous shale. 
Contains much secondary calcite in fractures and joints. Inoceramus 
abundant. This is undoubtedly Greenhorn. Lower part is shaly and · 
grades downward into zone 11 ........ .. ...... . . . , ... ... . .... . . . . . . 
Sa1ldstone and siltstone, gray Jo buff, fine-grained, iron oxide and clay 
cement. 
Has very irregular bedding with wavy shaly bands. In upper part j s a 
silt and more argillaceous and grade.~ into zone 12. In lower part of 
zone small cross-bedded zones are common with oscillation ripple marks 
and small mud cracks. Has much selenite in thin layers between wavy 
layers of siltstone. Erosion channels a few inches deep in thin alternat-
ing clay and sand layers are filled with well sorted sand. Sands and 
clays contain fragmental plant materials . .... .. .. . .. . .... . .. . . .. .. . . . 
Shale, gray, carbonaceous, fissile, gypsiferous. No fossils observed .. . . 
Sandston e, yellow to buff, very fine-grained, non-calcareous, chiefly clay 
binder. Micaceous, quartz sand .with some gyp~um, weathered amphi-
boles, and very few accessory minerals ... .. . . ........ . ... . .. . .... . . . 
Shale, gray, carbonaceous; fissile, with selenite. Grades upward to a 
siltstone with thin alternations of sandstone ... . .......... . .... . ..... . 
Sandstone, yellow to buff and gray, fine- to medIum-grained, friable. 
Contai~s gypsum and some fresh sulphur ; much clay as binder with 
varying amounts of iron oxide. Weathers as a massive bed, though a 
close inspection shows indistinct bedding planes and small cross-bedded 
zones. The top of the zone has a cap of red-brown fine-grained sand 
with a gnarly concretionary development which is mor~ resistant to 
weathering and makes a p,rominent ledge 6 to 10 inches thick. This part 
of outcrop contains a small amount of greenish brown, partly decom-
posed ·glauconite. This may be the equival~nt of zone 6a of Section l. 
Three ieet below this ledge is a 3-inch layer of impure lignite and clay 
with many fragments of leaves, stems and plant material. Contact with 
FIG: 26.-MECHANICAL ANALYSES' OF SEDIMENTS IN TYPE. AREA . 
No. 1. Section I, zone 6a. No. 16. Section 9, composite. 
No.2. Section I, zone iib. No. 17. Section 10, zone 1. . 
No . . 3. Section I, zone 4a. No .. 18. Section 10, zone 2. 
No.4. Section I, zone 4b. No. 19. Section 10, zone 3. 
No. 5. Section I, zone 3b. No. 20. Section 10, zone 4. 
I 
FEET 
5-30 
12-14 
8--10 
10--11 
3 
60-7 
No. 6. Section 2, zone 2. No. 21: :>ection 10, composite lower part zone 
No: 7. Section 2, zone 4. 6. 
No. 8. Section 2, zone 5. No. 22. Section 10, composite upper part zone 
No. 9. Section 2, zone 9. 6. 
No. 10. Section 4, zone 1. No. 23. Section 10, zone 8. 
No. 11. Section 5, zone 10. No. 24. Section 11, zone A near base. 
No. 12. Section 6, zone 1. No. 25. Se,ction 11, zone C, nea~ .top pf ~lde.r 
No. 13. Section 6, zone 2a. part. 
No. 14. Section 7, zone 4. No. 26. Four and one·half miles west of De· 
No. 15. Section 8, composite. catur, Nebraska. 
ZONE 
6 
5 
4 
3 
2 
TH,E CRILL MILL SECTION · 
zone 6 uncertain but grades into shale with thin sandstone layers 
Shale, with thin sandstone layers, and grading upward to sandstone of 
zone 7. Where sand content is lower the shale is gray to black, car-
bonaceous and with fragmental plant material Weathers fissile. In up-
per part contains considerable selenite an~ many pyrite concretions . . . 
Sandstone, gray to buff, fine-grained, weathers as a single bed but in 
detail the generally horizontal lamina! show small northeast and north-
west trending cross-bedded zones. Micaceous, abundant plant frag-
ments . . . .... .. . . .. . . . ..................................... , ..... . 
Sandstone and clay conglomerate, with fragments of lignite reworked 
into sand. The sand· is medium- to fine-grained with small amqunt of 
clay binder. The clay pebbles range between 16 and 8 mm. and are • 
gray and thinly laminated and usually occur in a zone with a thin dis-
continuous clay lay,er. The . clay pebbles were . partly indurated when 
deposited. The contact with zone 3 is uncomformable in this section .. 
Shale, gray turning to brown at lower contact. Carbonaceous and fis-
sile in upper part ................... . ... .... ' .' . .... .. .. .. . ... .. ' ... . 
Siltstone, with many thin iilternating layers of shale and in irregular 
zones. Siltstone is buff to brown, major grade smaller thart n mm. 
with a few grains nearly ~ mm. diameter. Quartz is dominant but 
with a clay binder. , Most grains yeryangular, with app~ar.l!.nce of freoh 
fracture chips. A few of larger grains show small amount of wear, 
falling in the subangular and curvilinear groups, The clay is iron 
stained when occurring as a binder and as t4in .Iamirue is gray ........ . 
Sandstone, with thin shale layers interbedded. Sand is gray, medium-
to fine-grained. At top is a 1- to 1~-foot zone of hard calcite- and 
hematite-cemented layer of concretions, more or less continuous. Where 
the sand is iron-oxide-cemented, glauc.onite appears more abundant, al-
though· it occurs throughout the sectioQ. Much carbonized plant mate-
rial scattered throughout zone, especially in the concretionary masses .. 
Covered, slope, below road level but indica,tes an alte,nation of thin-
bedded sandstone and shale .... . .... .. .. . .. , ....................... . 
Big .Sioux river level--elevation approximately 1,102 ft. 
241 
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7-8 
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Total in .section, aver'ilge .......... . .... ... ............... . . 105 
As in Section 1, the place of separation of the Dakota and Graneros 
is uncertain, but for similar reasons it is placed at the base of zone 8. 
The sandstone of zone 11, Section' 2, 'is thicker than the top sandstorie 
of Section 1, btJ.t it has many of the same characteristics, and the 
stratigraphic relations with the overlying chalky or marly limestone 
are almost identical. In Section 2 the base of the Graneros is ap-
proximately 15 feet higher in e1e~ation than in Section l. 
SECTION 3. Section 32, T. 91 N ., k. 48 W., Plymouth county. Road aluj river ex-
posures facing Big Sioux river, .lIear wagon bridge crossing about 7 miles south 9f 
Westfield, Iowa. This is probably the locality of the ,Crill Mill section of Bain.138 
ZONE " . FEET 
15 Limestone, buff to gray. Upper part thinly bedded, lower part soft and 
chalky and, weathers like a buff shale. Contains many Inoceramus and 
small Foraminifera .... .. ... .. . . ......... . . .. ........... .. ...... .. ~ 12 
14 . Shale, gray-black, carbonaceous, weathers fissile. Upper 4 to 5 feet 
is -calcareous and grades into lower part of zope 15. Very little sand 
in main part of zone. Contains small selenite crystals which are im-
bedded in fresh shale, making crystal impressions. Also some secon-
138 Bain, Iowa Geol. Survey, Vol. VIII, p, 328, 1898, 
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POSITION OF BEDS IN SECTION 
dary gypsum develDped alDng fracture , and jDint ZDnes. The- 'cDntact 
with ZDne 13 is fairly distinct, but the . shale cDntains a good deal Df 
sand. This prDbably is due to, a certain amount Df rewDrking of the 
top sandstone layer of zone 13. This is a typical Graneros shale . .... . 
Sandstone, gray, fine-grained, with layers which are typical siltstones. 
Some thin irDn' oxide co,ncretiDnary ZDnes though majDr part of mem-
ber is clay bound. Upper one fDot is a prominent layer of medium-
grained friable yellow sandstone-. Much dicDtyledDnous leaf material 
thrDughDut ZDne· ............... . . ............ ... . .. . .. ; . .......... . 
Sandstone and shale, chiefly micaceous sandstone, grading to, siltstone 
in thin beds with interbedded even layers of shale ~ to 1 inch thick. 
N ear center of member a red and brDwn irDn cDncretionary zone 6 to 
8 inches thick makes a prominent outcrop. Some of these cDncretiDns 
are surroum~ed by m,ore friable sands, and the gllLUconite is · mDre 
abundant in the lDDse sands. DicotyledDnous leaves and fragments DC-
cur throughDut. In local zones of member much carbonized wood and 
pyrite occurs ............................. , .. . .. ............. .... . 
Photomicrograph, Plate III, Fig. J. (Ts-07045). · 
Shale and sandstone, interbedded, dominantly shale, gray in thin beds. 
Sandstone very fine-grained and similar to that of zone 10 ..... ..... . . 
Siltstone, grades to fine-grained sandstone; gray to,. yellDw ... . .... . . . 
Lignite, poor grade, has clay layers at tDP ...... ... . .... . ........... . 
Shale, black, carbonaceous, weathers fissile, becDmes sandy toward base 
with much fragmented plant material .. .... ... ...... . .. .... ... . .... . 
. Sandstone and siltstone, gray to buff, clay binder, many thin :z;ones of 
cDncretiDns at base. Upper part has many lenses of siitstDne with ir-
regular bands of clay ..................... : ........... . . .. ........ . 
Sandstone, gray to, yellow, fine-grained, micaceDus, thin even beds. Iron 
oxide cement differs in amount, producing yellow and more resistant 
layers. Concretionary zone at base. Fragmental plant remains occur 
throughout, in lamirue 78 inch apart ... ..... . ................. . .. . . . 
Sandstone, buff to brown, fine- to medium-grained, iron oxide and clay 
cement. Grains principally angular .......... .... ........ ..........•. 
Sandstone and shale, largely a siltstone, interbedded in thin even layers. 
Much fragmental plant material and in silt or shale zones occasional 
leaf impressions .... ..... . , ... , .............. , . . .... , ... ....... ... . 
MDStly covered and slumped, except at base where a gray shale with 
small sandstone concretions may be seen ...... .. ... ...... . ...... . .. . 
Lignite, poor grade, cubic fracture. Contains pyrite nodules and car" 
bonized w.ood ........................... . ........................ . 
Shale, carbonaceous, grading upward into, shaly lignite .. . .. ... .. : ... . 
FEET 
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The top of the Dakota stage in this section is placed at the base 
of zone 14. There is less difficulty in making the division between the 
Dakota and Colorado stages in this section than i'n any other outcrop 
in the Sioux City area. The lithologic change is more abrupt than 
is usualJy the case. Even with such appearance at the outcrop the 
base of the gray shale of zone .14 is somewhat sandy and indicate'S 
a certain amount of reworking of the sandstone layer at. the top of 
zone 13. 
Zone 12 probably is the equivalent of zone 6a of Section 1. The 
lignite of zone 9 of this section occupies a stratigraphic position nearly 
the same as the lignite of zone 2, Section 1, but the latter section has a 
larger thickness of sandstone and siltstone than S'ection 3. . Section 1 
· . 
I · 
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probably was nearer the mouth of a distributary channel or in a mQre 
favorable· position to accumulate littoral bars. Section 3, it appears, 
was more removed from the shore or in more quiet water for the major 
part of this period of sedimentation . . 
SECTION 4. Sioux City, Iowa, one-eighth mile west of north end combination trol-
ley and highway bridge across Missouri river and at foot of Prospect Hill. Eleva-
tion base zone J approximately 1,120 ft. 
ZONE 
5 
4 
3 
2 
Sandstone and siltstone, buff to yellow, thin wavy beds of paper thick-
ness, gray clay inter laminated. Some discontinuous concretionary zones 
with thin layers dark brown iron oxide .... .. .... . .. . ................ . 
Sandstone, . buff to yellow, very fine-grained, thin ,and wavy bedding, 
Lower part concretionary and contact with zone 3 irregular. 
Siltstone and shale. Th~s is a very irregular zone and is non-persistent 
within 100 feet of outcrop. Upper part chiefly siltstone grading coarser 
into overlying member 4. Lower part mainly shale and tough gray 
clay containing dicotyledonous leaves and much fragmented vegetable 
mate.rial. In central zone are many thin concretionary bands with con-
centrations of iron oxide in horizontal planes. Base unconformable 
with zone 2 with the devC!opment of iron concretions at contact · ...... . 
Sandstone, buff, fine-grained, grading to siltstone in upper part. Lower · 
part more or less homogeneous. Base of member indistinct except as 
marked by poorly preserved 'oscillation ripple marks. Iron oxide is con-
c~ntrated in thin zones 78 to ~ inch thick which are parallel to the 
ripples .... . ...................... . . .. . .. ........... ... .......... . 
Sandstone, light gray to buff, fine-grained, micaceous, lower part in thin 
layers, upper part with numerous horizontal bands of brown-red con-
cretions . .. ................ . .. .. ..................... . ............ ' 
FEET 
7-8 
11-12 
8-10 
10-11 
Section 4 probably is one of the classic exposures studied by Meek 
anq Hayden, Marcou, Calvin, Bain and others who have made observa-
tions in the Sioux City area. Judging from desc'riptions by the early 
workers, this section was much better exposed 25 to 50 years ago than 
it is now. Years ago the main current of the Missouri was swinging 
against the bluff at this point, but due to the puilding of bars upstream 
the main channel cuts against the bank at the present time about 1000 
feet .downstrea!TI. Filling by man has aided in the building of a river 
fiat between the present exposure and the river.'s edge. Slumping and 
the growth of brush has obscure~ a part of the old sandstone bluff ' 
as pictured by Bain.139 From this exposure some ~f the early collec-
tions of dicotyledonous leaves were made, and it is probable that most 
of them came from the lower part of zone 3 of the writer's section. 
Attention should be calkd to the remarks concerning the iron oxide 
concentration which is very closely related to the ripple mark zones and 
minutely cross-laminated parts of the sandstone. In zones 1 and 5 
truncation surfaces developed by wave or current action show a con-
189 Bain, Iowa Geol. Survey, Vol. VIII. p. 267. 1898. 
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centration of iron 6xide which penetrated a depth of only two or three 
grains, or which' may be wavy and' may cement the sand bne-half. to 
one inch below the old surface. In the case of ripple marks superposed 
on older ripples, with intervals varying from a fraction of an inch to 
two or three inches, a similar condition of concentration can be ob-
served. The facts that sucH a concentration of iron oxide is usually 
restricted to the final ripple, surface or a zone only a small fraction of 
an inch below it, and that such zones are repeated in some cases four or 
five times, and that the intervening sand is poorly cemented, 'indicate 
a cementation and con~entration of iron oxide contemporaneous with 
or immediate!y following the formation of the ripples. Quoting from 
the writer's notes made in the field, 'in commenting on the inter.:preta-
tions possible from this section, the following statements, are made: 
"Zone ' 1. The unconformity at the top is again evidenced by 
a zone of poorly preserved oscillation ripplemarks-trtmding 
slightly south of west. . 
In the 'lower 4 feet of the sandstone the beds are very thin and 
contain paper thicknesses of shale everyone-eighth to one-fourth I 
inch. Most of the laminre contain fragmented plant remains, and 
, carbonized wood occurs in some cases. This condi~ion gradually 
changes upward as the sand is cleaner and is in thin even beds. 
The zones of concretionary development and ~he hard ,fer'-
ruginous layers appear to be developed where a change of condi-
tions of deposition occurred, or a short cessation of deposition, 
or a short exposure .to conditions of consolidation, all of which 
may mean merely a short exposure with drying, cracking and 
oxidation of the surface or a zone one-fourth to three-fourths 
inch below the surface." 
Approximately 600 feet west of the place where Section 4 was 
measured, zone 2 is only six feet thick and is capped in part by a zone 
of gn~r1y hard brown ' iron concretions, ranging from 8 to 20 '· inches 
in thickness. As the concretionary zone pinches out ari irregular series 
, . 
of clay and siltstone takes its place. . 
Zones 1 and 2 probably are deposits made in a shallow gently shelvirig 
marine environment very near the shore. The ripple marks are small, 
having a ,wave length from crest to crest usually less' than three ,inches 
and an amplitude ' of about 'one-fourth of an inch and being . nearly 
symmetrical. Large' ripples with a wave length of tens of feet are 
sometimes found · in shallow water but it . is . doubtful if small ripples 
like those described here are eyer fo~med . ingeep water. The smaJI 
• 
• 
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unconformity at the top of zone 2 · is possibly the result of wave or 
littoral current erosion, or of currents of nearby streams cutting out a 
part of the beach or littoral deposit. The writer believes the latter to 
be the better explanation as the succeeding deposits of zone 3 may be 
such a deposit, as is indicated by the following quotation from the 
writer's field notes: 
"J ust above the concretionary zone (at the unco~for.m~ble con-
tact with zone 2) the clay and silt is more or less sandy with a few 
layers of thin hard concretionary sandstone. Two feet higher is 
a tough gray clay with a conchoidal fracture for nearly six feet; 
then gradtrally the clay becomes sandy, until the upper three feet 
contains many irregular thin lenses of argillaceous sandstone and 
s.iltstone., The bedding is extremely irregular, with minute un-
conformities or .diastems and paper thin layers of clay or shale. 
The conditions of. deposition apparently were very irregular, 
with. cut and fili, · an occasional day pebble as a concretion nucleus, 
and abrupt changes in texture. This is much as would be expected 
in a river deposit. Gradually these <;:onditions give way to those 
of zone 4 which begins with a fine band rather evenly bedded and 
with thin yellow-brown layers which . stand out in weathered 
exposures.''' " 
. The dicotyledonous leaves are most abtlrtdant in the clays and silts, 
but fragmented leav:es, stems and carbonized wood are found in all 
parts of zone 3. 
Zones 4 and 5 are very similar to zones 1 and 2, the conditions of 
deposition being repeated after the accumulation of the fluviatile or 
deltaic deposits of zone 3. The lower part- of zone 4 indicates the 
reworking of zone 3 as the marine waters advanced. 
SECTION 5. At Sergeant Bluff, Woodbury county, Iowa. Section 30, T . 88 N " R . 
47 W., in pits of Ballot, Brick Compa1~y. 
ZDNE 
15 
' 14 
13 
12 
it 
Glacial sand, white to. gray, well bedded . . . .. .. . . . ... . ... .. . .. . . .. .. . 
Conglomerate, pebbles Df quartzite, chert, uncDnfDrmable Dver ZDne 13. 
A PleistocelJe depDsit. Differing amDunts Df irDn Dxide cement .. . . . . . 
Sandstone, buff and yellDw, medium- to. line-grained, friable. Many thin 
beds with cDncretiDnary develDpments and cDncentratiDn Df irDn Dxide 
alDng bedding planes. DicDtyledDnDus leaves CDmmDn . . . . . . . . .. • .. . . 
Mineral Analysis : GlaucDnite rare and partly weathered, magnetite, 
black tDurlnaline, mica, chlDrite and weathered feldspars. . 
Sandstone, red to. buff, irregular irDn Dxide cementation. Where well 
cemented is resIstant to. erosiDn and often makes prominent ledges. Con-
tains abundant glauconite and pyrite cDncretions. Where nDt cemented 
witli irDn. Dxide thi~ z'Dne is a typical calcitic sandstDne and is 'similar 
to. ZDne 6a Df SectiDn 1 ....... . .. ... . .• . . ... . . . ... ... I , ' •••• • , ...... . 
Sandstone and shale; gray to. .brDwn, with SDme thin irDn cDncentratiDn . 
bands. Grades frDm member belDW . .... .. .... . .. ; .. . .. ... .... . .. . . . 
74l 
1-2 
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ZONE 
10 
9 
8 
7 
6-
5 
4 
3 
2 
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Sandstone, buff to yellow, medium-grained, friable. Usually in massive; 
beds but with occasional thin clay partings. Cross-bedding' with fore-
sets inclined NW., NE. and N. Upper part more prominently cross-
bedded and shows numerous truncation planes and rippled surfaces 
with iron oxide as the cement. In lower 2 feet are found concretions, 
of calcite ..... .. .. ........... ' ...... ...... . .... . . . : ...... .. .. . . . .. . 
Mineral analysis: Mus(:ovite common; magnetite, tourmaline, feld-
spars, zircon, amphibole, leucoxene. 
The sand shows many moderately well rounded and curvilinear grams 
in the 1- ~-mm. grade and many of them are frosted. The finer 
grains are angular to subangular. 
Lignite, with some coal of fair quality. Grades to carbonaceous shale 
at base and js overlain by a gray plastic fire clay. Lignite is 13 
inches thick .. .. . . . . .... • . . ... .. .... .... . .. .... : .... ... ..... . ... . . 
Clay, gray, unctuous, and with much fragmented plant material. In 
lower part are many small lenses of siltstone ., .. . .. . ... . ... ... . .. . . . 
Siltstone, gray, clay binder, and oc(:asional seams of carbonized wood . . 
Shale, dark gray to black, carbonaceous, weathers fissile. Grades down-
ward into siltstone .. ...... .. .. ..... . .. ..... . .. . . . .... .. .... ... .. . . 
Shale, clay and siltstone, buff, yellow and gray. Thin-bedded and ir-
regularly interlaminated. Grades from zone 6- without apparent diVI-
sion ; contains much fragmented plant material and a few leaves. Best 
exposed in west shale pit ................ . ......... .. .. ......... . . . 
Sandstone, yellow, brown and red, fine- to medium-grained. Concre-
tionary, is very resistant, appears like a quartzite. Where cemented 
with iron oxide color has some range; where cemented with calcite is 
brown with glassy appearance. The concretions do not make a continu-
ous bed. Contains fish spines and' glauconite ............... . .. .. ... . 
Clay, blue-black, buff, slightly gritty, some carbonized plant remains . . . 
Sandstone and shale, thin-bedded and grading to siltstone in many 
places, coarser at base . ... .... ' • ...... . .......... . .. .. ...... . . ; . .. . . 
Clay, blue to gray; tough and compact, when dry like a dense limestone 
and breaks with conchoidal fracture. Locally contains some grit, and 
lime content differs with locality. Is splotched with iron oxide. Ex-
posed to bottom of pit ............. . ....... .. .. . . .. ... ..... . .... . . . 
. , 
22 
6 
4 
6 
20 
1-2 
6 
7-8 
'30 
The entire section (other than the Pleistocene at the top) ,belongs 
to the Dakota stage, no Greenhorn occurring ,at this locality.' 
Zone 12 appears to be .the equivalent of zone 6a in Section 1. The 
interval between zone 12 and the lignite of zone 9 is 30 feet while in 
Section ,1 the interval is 23 to 24 feet. This may be due to an increase 
in thickness of the sediments , deposited in the different locations, or ' 
perhaps the lignites are not exactly contemporaneous. The latter 
possibility may have better standing because the normal conditions 
appear to lack constancy. 
S ECTION 6. S ection 3, T. 30 N., R. 6 E., near Elk Point Ferry Landing, on Mis-
.$~uri river northwest of Ponca, N ebras~a. 
ZONE 
9 
8 
7 
Loess, with thin pebble zone at base . . .. . ... .. ............. .... . .. . . 
Chalk, buff to ashen gray, abundant InocerG1n1is anq large fish 'scales 
and teeth. Makes a massive, prominent ,outcrop. 
Marl, chalky and argillaceous in thin zone and containing fossils as in-
dicated above. 
FEET' 
35-40 
ZONE 
6 
5 
4 
3 
2 
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ChQ~k or marl; blue-gray in color but more resistant than overlying 
zone. 
Limestone or ni,arl, argillaceous, thin-bedded, with a slaty fracture. 
Many Inoc,eratmts, Foraminifera and fish scales. 
Total thickness of iones 5, 6, 7, ,8 . ..•.. .. .. •... .. ... ; .. ......• . . ... 
Mostly covered but appears to be dark gray to black carbonaceous shale 
with alternating sand beds . .. . .. .. . .. ' ......... .. . ......... ... . .. .. . 
Shale, black, very carbonaceous, fissile in part but in upper half breaks 
with concl:lOidal fracture. Contains much primary selenite, and has very ' 
bitter taste. In lower 5 feet occurs a medium~ to coarse-g,rained, evenly 
bedded sandstone lens rangin~ up to three feet in thickness . .. ....... . 
Sandstone, gray to buff, medium- to fine-grained, micaceous, sugary tex-
ture; contains a small pelecypod fauna like that in zones 7b and 9 of 
Section 1 . . ....... .. .. . .. . . ........ . . . . . . . . . ... ..... ... .. ... ..... . 
Sandstone, fine-grained, color differing according to amount of iron 
oxide cement. Alternate layers consolidated or friable. Contains py-
rite' and iron oxide concretions, much fragmented plant material, car-
bonized wood an4 abundant glauconite. This mineral comprises ap-
proximately 15 per cent of rock. Exposed to river level. Elevation 
1,125 feet . . ...... .. . .. . ....... . . . ....... .. ..... •. ... . .. . . . ..... . . . 
Photomicrograph Plate IV, Fig. A. 
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Zone 1 is probably the only member of the Dakota stage in this 
section and contains the marine invertebrates of zone 6a, Section 1. 
Zone 3 with its sandstone lens is more typical of the Graneros 'and 
compares with zone 14 of Section 3. As in the Aowa creek locality, 
Section 7, the interval between the red concretionary ' glauconite zone 
.and the Grane,ros is smaller than in Section 1 at Sioux City. 'the same 
conditions of relative age as will be described for the Aowa creek sec-
tion probably exist at this locality. 
SE,CT~ON 7. Section 31, T. 30 N., R. 7 ,E. , southeast of Ponca, Dixon county, N e-
braska, nea~ ' mouth of A qwa creek and along Missoltri river bluff. 
ZONE 
11-
10 
Loess, ...... .. . ' . ...... . ... .. . .. . .. ... . ...... •. . . .. ...... .. ... . . . .. 
Limestone, chalky or marly, gray to buff, thin-bedded. Contains many 
Inoceramus ant! Foraminifera. I Ripple marks with wave length 6 to 8 
inches at base of this zone, .............. ' . .. . ............ . . ... .. . .. . 
9 ' LImestone, argillaceous and chalky, slate-colored, conchoidal fracture : . 
8 Shale and sa1ldst01le, alternating with ' considerable calcareous and argil- . 
laceous D:laterial in upper part. Many thin zones of sandstone and shale 
% 'to ~ inch thiCk. Other layers range from 2 ' to 10 inches in thick-
ness in 100 feet of outcrop. Much ripple marking and cross-bedding on ' 
small scale with cut and fill and an occasronal mud crack. A large 
amount of fragmented plant material. The shale is blue-gray and fissile, 
while the 'sand is gray, fine- to medium-grained and contains abundant 
glauconite, fish teeth and scales, and small pelecypod casts ..... .. .... '. 
7 
Thin section (07042) shows abundant glauconite,' green hornblende, 
some brown hornblende, muscovite, weathered feldspars ' with the for-
mation ot a siliceous mosaic (probably a chalcedony), zircon, tourma-
line, quartzite-grains and calcite cement. Along seams through the sec-
tion iron oxide replaces calcite in some cases with the development of 
rhombic pseudomorphs. The quartz grains are usually angular to sub-
angular. Photomicrograph Plate IV, Fig. Band C. ' 
Shale and sa1ldst01le. , ' Shale is gray-blue, ,carbonaceous, contains 1110-
ceramus, fish remains and plant fragments. Sand in thin regularly bed-
FEET 
40 
18-20 
12 
20 
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ZONE 
SECTION NORTHWEST OF HOMER 
ded layers with some pelecypod casts ......... . ... . ............. 0 " ( •• 
Thin section (07038) shows a rock very much like that of zone 7 above. 
Quartzite grains common, weathered calcic feldspars and secondary iron 
oxide and silica. Glauconite is abundant, occurring principally as round 
grains, aggregates of extremely fine crystalline units and rarely as an 
alteration of feldspars. The abundance of weathered feldspars. with 
development of calcite, chalcedony and occasionally glauconite indicates 
an arkosic character for the original sandstone. The alteration by 
weathering and ground water has occurred at ' the site of deposition. 
Grains angular to subangular with approximately 15 per cent curvi- . 
linear. 
6 Shale, black, weathers fissile, contains selenite; nodules of pyrite and 
iron concretions .. . .. ... .. . ... . . . ... . . .. ... . .. . .......... . . .. .... . . 
5 Sandstone, with tough reddish brown clay. One foot of hard red con-
cretionary sand which contains much carbonized plant material iri ver-
tical position, ' and an irregular 1 to 1 %-i'1ch seam of lignite . . .. . . . .. . . 
4 Sandst01~e, yellow, buff to brown-red, medium- to fine-grained, evenly 
bedded, "but with occasional thin clay layer. Contains glauconite and 
small pyrite concretions. Near center is a thin, hard, red concretionary 
zone which makes a prominent ledge ..... . .......... . ' .. . ..... . . . : . . . 
Photomicrograph, Plate IV, Fig. D. . . 
3 Shale, blue-gray,. fissile and carbonaceous. One or two thin sandstone 
lenses ... .. . ........ . ... . . . ... .... ......................... . ...... . 
2 Sandstone and thin shale, irregularly bedded, grading downward to clay. 
Upper, 4 feet contains concretionary zones of iron oxide. .Elevation 
'1,120 feet. Exposed .. . . . . ..... . ......... .. .... . . ... . .... : . ... .... . 
Below water • level. 
FEET 
18 
6 
1-1% 
18-20 
3 
10 
The major part of this section is younger than th~ Dakota stage; 
the base of ·theGraneros being located at the base of zone 6. 111 
-several respects the relations of the Dakota and Graneros are very 
similar to those observed in Section 3 in southern Plymouth county. 
Zones 5 and . 4 together are probably the equivalent . of zone 6a of 
Section 1. If this is true, the overlying Graneros of Section 7, Aowa 
creek, is relatively older than the Graneros Q,f Sections 1, 2, 3 and S. 
For a distance of one to two miles northwest. of Homer along the 
road to Hubbard and Jackson are se,;,eral small exposures of Dakota 
sandstone. ·In these disconnected outcrops there appears to be a con-
tinuous zone of sandstone which makes a more or less massive outcrop 
in the bluff. At:a point one and one-half miles northwest of Homer 
the follo~ing section was meas.ured: 
SECTION 8: Section 2, T .. 27 N ., R. 8 E.) northwest. of Homer, Dakota C01tnt:y, N e-
braska, near bluff road. 
Sandstone, buff to brown, medium-grained, friable, with few small iron 
concretionary nodules. Cross-bedding ·common in zones ranging from 
two or three inches up to one and one-half feet. Foresets inclined 
principally to N., NE. and NVv., though s.ome are seen to be inclined 
to SE. 'Truncations horizontal and inclined in northerly directions. 
Elevation at base of section approximately 1,120 feet. Exposed 16 to 
18 feet. . 
Photomicrograph, Plate IV, Fig. F . 
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Above the section described the slope is covered for approximately 
180 feet to the top of the hilI, but an occasional small protruding ledge 
indicates the presence,of thin hard concretionary sandstone layers ' tip 
"to 60 feet above the exposure. These' beds are overlain by a chalky 
limestone containing Inoceramus shells. A fresh water spring issues 
from the lower part of the sandstone described above, so it is probable 
that the medium-grained sandstone is underlain by a siltstone, a clay, 
or alternating shales and sandstones. 
Section 8 is one . of the exposures of sandstone nearest to Dakota 
City and occupies a position in the bluffs such as described by Meek 
and Hayden.140 Unless the exposures were much better at the time 
Meek and Hayden visited the area it is doubtful if they obtained con~ 
clusive evidence from this section. 
Continuing southeastward along the northeast facing bluffs "ft7-hich 
border the alluvial plain of Missouri river are several small exposures 
similar 'to Section 8. 
In the bluff two and 'one-half miles southeast of Homer, Section 20, 
T. 27 N.,~. 9 E., Dakota county, another small exposure was opse~yed. 
SECTION 9 
Sandston!!, buff ,to yellow-gray, fine- to medium-grained. Appears 
as a massive bed but on weathering shows many thin cross-bedded 
zones. Foresets inclined to east and southeast in zones up to two feet 
thick. Truncation planes horizontal and inclined to southwest and 
northeast and marked by many small concretions. Cementing mate-
rial chiefly calcite but with some iron oxide. This outcrop and adja-
cent ories have been described by previous workers as having the char-
acteristics of a quartzite. Thickness exposed 25 feet. 
Photomicrograph, Plate IV, Fig. E. Iron oxide cemented portion. 
The most complete and typical exposure' of the Dakota rocks in 
northeastern Nebraska in the type area is found about one and three-
fourths miles south of Homer, Dakota county. This section is over 
five miles from Missouri ,river and almbst two miles from the bluff 
line at Homer, so it is doubtful if Meek and Hayden or other early 
workers observed it. No mention of this locality is made by Gould,141 
Condra142 ot: Burchard143 in their detailed discussions of the stratig--
raphy of Dakota county and adjacent areas. 
The upper part of the section is exposed in . a road cut on U. S. 
Highway No; 77 about three-fourths of . a mile southwest , of the 
.principal part of the section. . The most complete part of the section 
140 Meek, U , S. G. S. Terr., Vol. 9, p. XXV, 1876. 
141 Gould, Klins. Acad. Sci. Trans. , Vol. 17, p. 137, 1900. 
142 Condra , U. S. Geol. Surv. W . S. Paper 215, p'p. 8·11, 1908. 
143 Burchard, Acad: Sci. and Lett. Sioux City, Proc., Vol. 1, pp. 147· 149, 1903·4. 
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is found imJIlediate1y above a steep cut bank at a sharp bend il1 Omaha 
creek. The extremely abrupt ,changes of the rocks ' of the Dakota 
stage make it ,highly desirable to find a single section with as much 
of the sequence as possible, Correlations of zones and members where 
only a few feet are exposed 1S extremely difficult and the results are 
questionable, 
SECTION 10, SW. ~ Sec. ~3, T. 27 N., R, 8 E,; and NE. ~ Sec. 26, T. 27 N., R. 
8 E" about 2 miles sOltth of Homer, Dakota county, Nebraska. Elevation Omaha 
creek at base of sectioll approximately 1,115-1,120 feet , 
ZONE 
9 
8 
7 
6 
5 
4 
Sandstone, red, brown, fine-grained, micaceous, iron oxide and clay ce-
ment, in thin beds, with concretionary development. Principal grades 
between one-fourth and one-sixteenth mm, Larger grains curvilinear 
to subround, Minute cross-bedding seen in well compacted zones. Pres-
ence ,of glaucorute uncertain. . 
~est observed in section 26 east side of Omaha creek. Exposed" . . , .. 
Sandstone, gray to buff, friable, fine-grained, evenly sorted, micaceous, 
Lower half more or less massive bed, upper half in several tlain beds 
with . differing cementation, Lower part with foresets ' of cross-bedding 
inclined N. and NW ... " . . . . . . ,., . . .. .... " . " ..... . ......... . . . . . 
Shale and sandstone, alternating in thin beds. Sands are buff, fine-
grained, ranging to siltstone, micaceous j shales are gray, plastic and 
micaceous, in some places grading to silt. Entire zone contains much 
fragmented plant material. Exposed ......................... . .... . 
, Sandstone, buff to yellow, friable, well sorted, medium-grained, uni-
fotmly cemented by iron oxide, micaceous. Grades upwar,d to less fri-
able and firmly cemented ferruginous and calcitic rock sometimes called 
"quartzite." Top 4 to 5 feet contains much gray clay in thin seams, 
nodules and as pebbles. Middle and .upper middle parts show small 
oscillation ripples with crests trending NW.-SE. Lower part cross-
bedded with foresets inclined W. and SW. The zone 10 to 14 feet 
from bas~ contains much fragmented leaf material and an occasional 
good specImen ........... . . ' ..... . ............ . ................... . 
Minerals : Glauconite (?), zircon, tourmaline, green hornblende, leu-
coxene, basic feldspars, quartzite and chert. 
Many grains show excellent rounding 'on several surfaces, with deep 
pitting and frosting. This type, however, is not conc1usiye of wind 
abrasion. 
Sandstone and shall!, alternating, with single beds ranging from a frac-
tion of an inch to over three feet in thickness. Impractical to subdivide 
this zone as individual layers change in composition within a few feet 
laterally. Sandstone is white to gra,y, fine-grained and of wide range 
in cementation. Many of the sand beds are capped by a hard, iron <lX-
ide concentration, especially where ripple marks are preserved. Cross-
bedding in middle part on large scale, foresets inclined to S., SW. ¥1d 
, SE. ' Clay is gray-drab, carbonaceous and occasionally quite sandy, 
and with many thin limonitic concretionary zones. There is a definite 
interfingering of sand and clay. A channel cut in the thin alternating 
layers of sand and clay near the base is filled with sand containing 
lenses of clay, but unconformable with the sides of the' channe1 cut by 
currents. This channel probably was cut by the current of the stream 
depositing the sands and clays. The contact with zone 4 is unconform-
able . .... . . .. ............. . .... . .............................. : . . 
Sandstone, white to gray, fine-grained, micaceous, small cross-bedding 
to S., SW. and SE. Top of member has a concretionary zone at the 
unconformity with overlying zone 5 .......... . .. . .. ' . .... . ... . ..... . 
FEET 
1-2 
6-7 
10-12 
18-20 
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ZONE FEET 
3 Sandstone, gray to white, medlum- ' to fine-grained, friable, micaceous, 
grains subangular to subround and many curvilinear ; many well frosted. 
Massive beds. Some small cross bedding. Contact with zone 2 irregu-
lar .. .. .. ... . .. . .. : ... . . . . .. ... .. . .. . . ............................ 4-5 
Photomicrograph Plate IV, Fig. H. 
2 Sandstone, gray to yellow and buff, medium- to fine-grained, friable, 
micaceous. In single massive bed., Very little different from zone 3" 
except for greater amount of iron oxide as cement ..... . .... . ....... . 3-4 
Sandstone, like zone 2, but separated by a wavy irregular line of iron 
concretions and a few small clay balls. Cross-bedding prominent, fore- . 
sets i,pclined to S. and SW. Exposed to creek level . .. .. . . .. .. . ' " ... 3~ 
Photomicrogrll;phs Plate IV, Fig. I and J. . , 
, Zones 1, 2, 3 and 4 are almost identical in several respects. The 
large amount of wear and frosting on the grains, the absence or small 
amount of iron oxide as cement and the' similarity in size grade di~­
tribution and the scarcity of accessory minerals indicate that these zones 
might be considered as a single member. The general regularity of 
bedding, and, where cross-bedding occurs, the common direction of 
foresets indicates ~ condition of deposition with little variation. Such , 
a condition could be accomplished in water of only moderate 'depth, or 
in an estuary some distance from the mouth of the stream. The cur-
rentS' which supplied the medium- and fine-grained sand at the same 
time sorted the material and deposited it with minor foreset zones. The 
writer believes the sand came from a nearby beach where wave action 
had been efficient in sorting-and abrading the grains. The direction of 
inclination of the foresets indicates , a general south of southwest 
course of the currents with' the source toward the north and northeast. 
Zone 5 apparently was deposited in a broad, shallow estuary, or is 
part of a delta built by a stream rapidly aggrading and with a meander-
ing course. Cut ;md fill is common in this zone and the rapid change 
in thickness and composition of many of the units indicates a shifting 
current. The stream advancep its delta southward, overlapping the 
estuarine or littoral deposits of' the lower zones. 
The sands of zone 6 probably were deposited in a slowly encroaching 
sea which 'covered the delta~c deposits, of zone S. The presence of 
::>scillation ripple marks and the uniform cross-bedding indicate the 
shallow ocean environment. Conditions changed back and forth; it 
is doubtful if one could draw the exact boundaries separating the 
deposits made directly by a stream emptying into a bay or gulf fro~ 
the sands reworked and deposited by waves or littoral currents., In 
either case well sorted sands could be deposited evenly or in uniform 
lenses, or muds could 'be included as thin irregular lerises or a~ inter-
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laminations with the sands. It' is an environment where one set of 
conditions characteristic of a gulf or bay may control for a period of 
time and then be displaced by a new set which is dominated by the 
stream f,actors. 
Zones 7, 8 and 9 add very little to the general conclusions above. 
In zone 8 the direction of inclination of foresets is different from that 
noted in the lower members, but this may be the result of shifts in the 
position of one of ~he mouths of the stream building the delta, or a 
change in detail of the course of a littoral current. 
Of some significance is the absence of undoubted glauconite in the 
sandstones of this section. The writer has no explanation to offer. 
In all other · sections in the type area 'one or more members of the 
Dakota stage contain some glauconite. 
South of Dakota county, Nebraska, along the Missouri River bluffs 
in Thurston and Burt counties, more or less continuous evidence of the 
Dakota .stage may be observed. The exposures near Tekamah, about 
thirty miles south of Sioux City, mark the southern limit of the rocks 
~. 
whiCh appear to belong in the same class as the type area Dakota. . The 
sandstones are variable in, color, depending on the amount of iron 
oxide. present and the degree of oxidation or hydration. Concreti.ons 
,are common. The rocks are fine-grained, with bedding which is uneven 
and cross-laminated, ~ith foresets inclined most commonly to the 
south, 1loutliwest and southeast. 
. An exposure observed eleven J;niles north of Tekamah in a farm lot 
~m . the . west side of Nebraska state highway No . . 51 . shmys several 
~eet of irregularly bedded coarse-grained conglomeratic and ferru-
ginou1l sandstone. The foresets of the cross laminations are inclined to 
the 'southerly quadrants.. At the top are gnarly concretions and mix-
tures of thin clay lenses. At the base of the conglomerate is a more 
regularly bedded fine-grained gray and yellow sandstone with south-
eas't and southwest inclined foresets. The six feet of this sandstone 
exp6~ed is very similar to the lower' four zones of Secti;n 10, just 
south of Homer. ' 
About eight miles west of Decatur, Burt county, on Elm <1reek, near 
the Lyons-Decatur highway bridge, is an isolated exposure of con-
siderable significance. 
Elm creek has cut through the sandstones and shales of the Dakota 
stage for a distance of about one-half mile. There is a heavy mantle 
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of drift and loess whi~h extends J:>elow the creek level on both sides of 
thepakota ,exposure. The Dakota apparently. was a topographic high 
in preglacial time. 
, In detail the section is as follows: 
SECTION 11 
ZON,R FEET 
B. The younger sediments which fill the ' channel. 
.. Shale, dayey. Nt;ar unconformity is blue-bla'ck''but grades outwar.d to 
a' gray, buff and mottled ,color; at the unconformity ,the bedding is poor 
but toward the south it is thinly laminated, with sandstone zones inter-
bedded, showing concret,ionary development and ripple marks, The 
upp~r clays and silts contain some good leaf impressions , and much frag-
mental plant material " .. , ..... • , , . , , . , , . . . . . . . . . . . . . . . . . . . . . . . . . . 8-15 
A. The older part of the exposure. 
Sandstone, buff, yellow, medium- to fine-grained,. Usually the sorting 
is very good in individual beds; micaceous, and friable. In the lower 
6 to 8 feet the sands are intricately cross-bedded with fore sets inclined 
in every quadrant, but with NE. and NW. directions predominating. 
The truncation surfaces are iri. many 'cases ripple marked, most of these 
marks being of the symmetrical type. Dicotyledonous leaves are found 
in the upper middle fine-grained beds. Toward the top the beds are silty 
and shaly and more thinly bedded. Sample from a lower zone contains' 
a small amount of glauconite . ... ............ . , .. ... , .. , .. ,........ 22-26 
-The ,section of the Dakota shows two types of rock; one a series 
of fine-grained micaceous sands, with highly cross-bedded and' rippled 
zones, and the other, clayey shales and ,silts with thin: laye~s of sand. 
These rocks (l,re separated by an unconformity which cuts across the 
exposure from top to bottom. The , writer interprets this condition to 
be one of a channel cut in a: littoral bar and then filled with clay and 
silts as the stream curre~t was able to deposit materials 'in its bed. Only 
one side of the old channel is well exposed in the valley wall of Elm 
creek, but upstream several hundred feet the fine-grained cross-bedded 
sandstone is exposed again, indicating the other bank of the channel. 
The present exposure in the creek is at an angle' with the ,old channel 
so that a direct measurement between banks is not the true cross sec-
tion width of the channel. The channel was probably about 300 ,feet 
wide at this point. 
There is no question in the writer's mind concerning the unconform-
able relationships of this section. The s~ndstone beds of A in the 
above description are distinctly bevelled and do not grade or interfinger 
into B. The curvature of the plane of separation and the concentration 
of iron oxide along this plane and the character of beds of zane B; all 
preclude the possibility of a fault·. The commonness of such a condi-
tion of cut and fill in the Dakota rocks also argues for this conclusion. 
• 
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Many other 'small outcrops, showing only a few feet of sandstone, 
or interbedded 'sandstones and shales, were visited in Dal<:0ta, Dixon, 
Thurston and Burt counties, Nebraska. None of these exposures 
adds to the detailed knowledge of the Dakota stage, as very little new 
information may be derived from them. It is true these se,ctions help 
one to follow the formations in the field and to understand better the 
g~neral dis~ribution of the different zones, bu~ it is also true that a 
single zone often ' changes character abruptly, an'd'two sections at the 
same level only a few hundred feet apart, but concealed in the interval, 
will show distinctly different types of rock. ' , 
" 
CHAPTER VI 
~HE DAKOTA ROCKS OF ADJACENT AREAS 
No attempt is made to give a complete discussion of all the expqsures 
of rocks called Dakota in western Iowa, southern Nebraska, northern 
and central Kansas, or elsewhere. The writer has studied ih the field 
practically all of the exposures in the areas named and can make com-
parisons and correlations with · the rocks in the type area. 
In southwestern Iowa, particularly in Cass, Montgomery, Page and 
Guthrie counties, th~re are numerous exposures of rocks which the 
writer believes are equivalent to parts of the' Dakota stage of the type 
area. These rocks have. been correlated generally with the Dakota be-
cause of their lithologic characteristics and the local abundance of 
:licotyledonous leaves, which are very similar to those reported by 
Bartsch144 for western Iowa. . The writer has not made a detailed 
study of these leaves. 
Continued fieldwork on the Dakota rocks in southwestern Iowa 
has failed to locate a horizon containing a marine or brackish water 
invertebrate fauna. In fact, the only locality that is known to the 
writer to have yielded invertebrates is at Sioux City and nearby sec-
tions, as previously described . 
.The usual exposures of rocks correlated with the Dakota are small, 
and the beds carl be traced laterally only a few thousand feet or frac-
tions of a mile. The overburden of glacial drift is normally rather 
thick, and the possible lenslike nature of the Dakota sandstone makes 
it difficult to find continuous outcrops ~ .. " 
A section of the Da~ota one mile southwest of Lewis, Cass co~~ty, 
I<?wa, may he taken as characteristic for the west-central Iowa region. 
SECTION 12 
ZONE 
6 Sandstone, white .to buff and yellow, fine- to coarse-grained, friable. 
Appears to grade upward to finer sands; a layer of gray thinly lami-
nated clay appears 18 to 20 feet from base but is not continuous. There 
are many very local and irregularly exposed ~lay conglomerate zones 
with boulders of clay up to 10 and 11 inches in diameter and 3 to 4 
inches thick. . 
These zones, though occurring at irregular horizons, are discontinuous 
and are nearly horizontal on wavy surfaces. The pebbles and boulders 
of clay have their longer axes parallel, or nearly so, to the surfaces on 
which they ' rest. The differ,ences in amount of iron oxide cement give 
----I" Bartsch, Bull. Lab. of Nat. Hist. S. U. L, Vol. 3, No. 4, pp. 178·180, 1896. 
, . 
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ZONE 
5 
4 
3 
2 
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the sandstone a locally banded appearance: About 21 feet from the 
base of this zone a gray . shale bed increases in thickness toward the ' 
east and southeast. Eastward the base of the shale zone contains a 
FEET 
hard, r~d, finely sandy concretionary zone ...... , ........... .... .... ' 28-3;2 
Shale, green to gray, thinly laminated' and resting on a wavy, hum-
mocky surface, which is brown to red, 6wing to concentration of iron 
oxide. Much of the' shale occurs. as conglomerate pebbles. The zone 
is irregular and probably not continuous for a great distanc~. Aver-
age thickness ........ . ............ "..... ...... . ..... . . ..... ..... ... ~, 
Sandstone, yellow to buff and white, friable, coarse-grained. Contains 
many irregular zones of poorly' developed iron oxide concretions and 
clay conglomerate pebbles. Cross-be~Hiing inclined to south-southeast . . 6~ 
S,andstone, generally covered exc¢pt. for very .small exposures, where it 
appears to be similar to 'that above .... . . , ...... . ... . ............... i 
Sandst01~e, and co.nglomerate ,shall!; with much iron oxide and interfin-
gering of thin lenses. Very poorly exposed ... . . . ........ i . . • . . • • . . . 43 
Limestone, upper Pennsy.lvanilln. Exposed, approximately ' . ' .' ; .. : .... 
About one-fourth mile northeast of the exposure described in th:~ 
previous paragraphs ~here is, a good outcrop of th~ hard red ferrugi~ 
nous medium- to coarse-graiqed sandstone that i~ so characteristic 'of 
the Dakota of central and 'northern Kansas. The few ledges sh~W 
excellent cross-bedding with foresets inclined td the south-southwi~t 
and west at an angle of 'about 15 degrees. The 'elevation of this 'ex: 
posure is about the same .as the top of zone 6 ,in the previous sect'i~tI~ 
In southern Montgomery cou~ty, Iowa, alo~g the bluffs of the ,e~s' : 
t I .... l 
branch of Nishnabotna 'tiver, ,and particularly south of Red Oa~ ~n~ , 
adjaeent to Coburg, are several exposures typical of Dakota sandstone 
• • • .. I • , 
FIG. 27.-A series of regular fore sets seen in zone 5 of ~ection , 13, at Coburg, Montgomery 
county, Iowa. 
., 
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and conglomerate. A section measured just east of Coburg, in the 
south half ~f section 30, T: 71 N., R. 38 W., has the following char-
acteristics. , , 
ZO NE 
6 
5 
SECTION 13 
Silt to clay, gray to buff, contains much fragmented plant material and 
carbonized wood. Exposed .. . ',' .. ... . . . ' . .. . .... . ... . .. . : .... '.' .... . 
Sandstone and conglom.erate, dark brown, red and yellow. Very irregu-
larly bedded with particles ranging from sand to cobble grades; cement 
very unevenly distributed with some concentrations as concretions sur-
rounding yellow friable masses. The pebble zones are irregular:ly , dis-
tributed, though 'in detail they appear to be concentrated as foreset beds 
or small depression fills. The pebbles and cobbles are principally a 
FEET 
8c-10 
FIG. 28.-The upper ferruginous sandstone and the friable yellow irregularly bedded and con-
glomeratic sand at Coburg, Montgomery county, Iowa. 
brown chert and gray vein quartz. The cross-bedding is normally con-
stant for single zones, but the variety includes inclinations of fore sets to 
the southwest, west and south. Figure 27 shows one of the upper hard 
ferruginous cross-bedded zones of the coarse sand and peanut g'ravel. 
Zone 5 overlies Zone 4 unconformably .. . .... . ..... . ... _ .. _ . . . . . . . . . 12-25 
4 ' Sandstl1ne, yellow, buff ' and gray; .wide variety of sizes of grains, rang-
ing from cobbles to medium-grained sands. Cementation differs, con-
trolling color and friability of rock; not generally as well cemented as 
Zone 5. Color bands follow cross-lamination directions. Throughout 
exposure practic;tlly every possible direction of cross-bedding may be 
noted; in the upper part the directions of foresets are dominantly in 
the north-northwest quadrant; in the central and lower parts the fore-
sets range from sO,uthwest, south, southeast, to east. In several zones 
there are definite 2-to 3- inch bands of pebbles which are usually nearly 
,-horizontal or inclined at very low angles; the less sand contained in 
the pebble zpne the more horizontal is the position. Figures 29 and 30 
show two views of the pebble bands and cross-bedded zones of this part 
of the exposure . . ..... . .............. . .... . .. .. . . . ... .. .. ... . ..... 12-15 
3 Conglomerate, pebbles 'up to three-fourths inch in diameter. Makes a 
definite band in nearly horizontal position. ...... ....... . . . . ...... . ... 2-3 
I 
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FIG. 29.-Detailed view of yellow, friable sandstone with conglomerate zones. Note the rela-
tion of the foresets and pebble band on the horizontal truncation planes. 
ZONE 
2 Sandstone, medium- to coarse-grained at base grading to finer sands at 
top. Foresets inclined to south-southwest. At base is a single layer of 
pebbles lying on irregular contact of Zone 1 . ... . ...... . .. .. ....... . 
Sandstone, yellow to' buff, medium- to coarse-grained with conglomerate 
in some of the foreset zones. Cross-bedding inclined to the north-north-
FEET 
1-2 
west-west. Exposed.............. . .... . .......................... 2-3 
In the northwest part of section 17, T. 71 N., R. '38 W., Montgom-
ery county, north of Coburg, Iowa, ' there is another good exposure 
which shows a conglomerate and peanut gravel similar to that just 
described in the locality east of Coburg. Lonsdale145 has described this 
material as puddingstone. The upper .part of the rock is not well 
exposed, and there are only 20 feet contained in the fresh exposure. 
H~ Lonsdale, E . H., Iowa Geol. Survey, Vol. IV, pp. 381·451, 1895. 
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('IG. 30.-A detail of part of the section below Figure 29. Note the reverse directions of fore-
sets in the zone below the knife. 
This shows a pebble to cobble conglomerate with a matrix of coarse 
sand, clay balls, and considerable iron oxide cement. The rock is 
much more tightly cem~nted and' is of a darker brown and red color 
tha~ that seen at Coburg. A very fresh exposure show~ a lighter 
brown color. In general the cobbles are coarser from the base upward; 
below the puddingstone conglomerate there is a gradation to a medium 
fine.:.grained yellow, buff micaceous sandstone. 
The cross-bedding of the puddingstone differs but is predominantly 
to the south-southwest with an inclination of 18 degrees. In the lower 
fine-grained sand the cross-bedding is also mainly to the south-south-
west but with some thin zones consistently to the southeast. 
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The writer knows of no other locality in southern Iowa where as 
thick a section of coarse material of Dakota age occurs. However, 
west and north of this locality, approximately 45 to 50 miies and just 
east of I,-ouisville, Nebraska, there is a similar exposure. As these two 
exposures have a great deal in common, including the composition of 
the pebbles, the texture and the bedding,-it is quite possible that at one 
time they were a part of a series of lenses which extended from east 
to west and bordered the old shore line. 
In southern Nebraska,. near Fairbur.y, Beatrice, Hastings and Endi-
cott, are found expos~res of fine-grained and buff to yellowish sand-
stones which in some cases contain dicotyledonous leaves. 
An exposure along the Chicago, Bur~ington and Quincy railroad on 
the south bank of Platte river, about two · and one-half miles south-
east of Ashland, Nebraska, shows the Dakota sandstone resting di-
rectly on the Upper Pennsylvanian limestone. The lower part of the 
sandstone is a coarse-grained brown poorly cemented type, with fore-
. sets inClined 20 to 22 degrees to the west' and northwest. The series 
continues with little change except for local alterations in exact direc-
tion of cross-bedding and minor differences in texture. About 20 to 
25 feet above the base the grain becomes very coarse and pebbly with 
fore sets often showing in the coarse-grained zones. About 30 feet 
above the limestone· the cross-bedding is more intricate, there is a 
greater range in thickness of zones, and changes in the grade of the 
sand are more abrupt. This zone is 12 to 14 feet thick. The upper 
six to seven feet of sandstone is coarse-grained and almost a con-
glomerate. Above this the section is poorly exposed and covered by 
drift and loess from above. The total exposure is about 50 feet thick. 
An excellent section is exposed on the main line of the Chicago, 
Burlington and Quincy Railroad near mile post 112, east of Endicott, 
Nebraska. The exposure in the cut shows about 15 feet o f soft gray 
and yellowish fine-grained sandstone which in places grades locally into 
clay or a very argillaceous sand: The upper half of the exposure is 
marked by thin limonite-colored hard sandy lenses which are very 
irregular in their extent and range from horizontal to steeply inclined 
posltlOns. The limonite-colored zones mark a cementation process 
which took place probably soon after the deposition of th~ sandstone. 
Along some of the thicker zones of cementation hard and gnarly con-
cretions a;e developed. 
I 
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A large 'lens of nearly pure sand, with very little clay but with 
considerable iron oxide cement, occurs at one place. The lens departs 
directly from the argillaceous sandstone which comprises most of the 
rocks in the cut. This condition is evident on both sides of the track. 
On the east side of the cut the sand interfingers with the argillaceous 
material. The inclination of the foreset beds of this sandstone is 
dominantly to the south, with some inclined to the southeast and south-
west. A few zones of the foresets are 8 to 10 feet long and are in-
clined at an angle close to 22 degrees. 
The irregularity of some of the cross-bedded zones, the variety of 
truncations, the interfingering of clay and sandstone lenses, the local 
cuts and fills, all indicate the variety and rapid changes in the condi-
tions of deposition of the materials in the .Endicott section. 
At several localities no:thwest of Fairbury, Nebraska, the Dakota 
rocks may be observed. Along the St. Joseph & Grand Island railroad 
at mile post 1570, approximately five miles northwest of Fairbury, 
the exposures sho~ 20 to 25 feet of gray and brown clay with thin 
sandstone zone~, overlain by three to five feet of massive bedded 
medium- to coarse-grained light colored sandstone. This in turn is 
overlain by 20 to 35 feet of gray clays which are mottled gray and red 
with many thin sandstone lenses. Unconformably overlying the last 
mentioned clay is a hard fine-grained calcareous sandstone. This sand-
stone appears to be more or less concretionary and , occasionally 
weathers in dark red to brown blocks. It is very similar to the cal-
citic, concretionary sandstone of zone 6a, Section 1, Sioux City, Iowa. 
, In section 19, T. 3 N., R. 2 E., northwest of Fairbury, ·Nebraska, 
is a section of Dakota clays and shaly sands immediately overlain by 
the Graneros member of the Colorado stage. The section observed at 
several points in the southwest corner of section 18 and the adjacent 
part of section 19 is given below. 
SECTION 14 
ZON E FEET 
8 Limestone and shale, apparently grading from below. Abundant Ino-
ceramltS. 
7 Shale and clay, gray and brown, containing many sandstone lenses one-
fourth to one-eighth inch thick. Upward the zone is brown and shows 
an increa,se of sandstone . .. ..... . .. ... .. . .... . . . ..... . .. . ..... . . . .. 35 
6 S hale, black to gray, carbonaceous, fissile, with considerable concretion-
ary material. Grades upward to brown thin sandy shale . ~ • . . . . . . . . . . 5-8 
5 Calcite cone-in-cone, irregular in distribution. One 2-inch layer with 
3 inches of impure limestone at top. The 3 feet of exposure is capped 
by a harcpron oxide concretionary layer ............ : .......... ... .. 3 
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ZONE FEET 
4 Clay and shale, some dark gray to black, carbonaceous, and some parts 
. fissile. An occasional thin sand lens . . . ............... .. ........... 3 
3 Lignite, impure, soft and earthy, grades into a highly carbonaceous 
shale . ............ ..... . .. ....... ... .. . .. .. .. ........ .. .... '... . .. ~ 
2 Clay, gray, unctuous, poorly exposed ...... .. ...... , ..... ... ... . .. .. ' 8-10 
1 Salldstotle, y'ellow, concretionary and friable, with alternating gray 
clays and siltstones. Irregularly exposed in creek bank. Approximately 40 
In the sections described , above there are two features which appear 
to be of some importance when one is attempting to correlate the 
conditions of deposition with those of the formations in northeastern 
Nebraska, adjacent to the type locality. The occur,rence of the gray 
interfingering silts and clays below the fine yellowish sands which 
underly the lignite is very typical of the Sioux City section. The 
occurrence of cone-in-cone is suggestive of the Comari.ch~an forma-
tions of central Kansas. It will be noted .in the sections described 
above that sandstone is relatively rare, and in particular as thick mas-
sive beds. The gradation at the top into the Graneros formation (zone 
7) which in turt;1 grades to the Greenhorn formation (zone 8) of the 
Colorado stage makes it difficult to draw any distinct line of separation 
between these various formations. 
Section 14 and the exposures along the St. Joseph & Grand Island 
railroad northwest of Fairbury are in the locality described by ~icks146 
as yielding a fauna of marine invertebrates and later 'described by 
\iVhite147 as carrying a fresh water fauna. The writer was unable to 
find any fossils in this locality. 
In sections 11 and 12, T. 2 S., R. 3 E., Washington county, Kansas, 
ju.st south bf the Spring creek bridge about five miles north of the town 
of Washington, .may be seen a section of yellow, brown friable and 
medium-grained sandstone. The cross-bedding in this sand has a 
wide range, foresets being observed with inclinations to the north, 
northwest, west and southwest. N ear the top of the cut bank, the 
highly cross-bedded zone ' is overlain unconfonnably by an irregular 
zone of interfingering'sandstones and 'argillaceous shales. , At the base 
of this upper zone the grain is very coarse, with an occasional pebble 
of quartz or flint and many small clay balls and concretionary siltstones. 
The cross-lamination of the upper sandstone is predominantly inclined 
to the west-southwest, the foresets 'having an angle about 12 to 15 
degrees and being 20 to 25 feet long. To the east of this exposure 
146 Hicks, L. E ., Amer. 'Assoc. Adv. Sci. Proceedings, Vo!' 34, pp. 217-219, 1885. 
107 White, C, A., G . S. Nat!. Museum P roc., Vo!. 17, pp. 131.138, 1894. 
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and up the hill there is very little rock exposed, but talus blocks of dark 
red coarse~grained concretionary cross-bedded sandstone may be seen. 
Another section in Washington count)" Kansas, in the northwest 
part of section 32, T. 2 S., R. 4 K, along Mill creek, shows the wide 
range in the nature and relationships of the Dakota section. A 
generalized description follows: 
ZON E 
6 
5 
4 
SECTION 15 
Float, much like ZQne 5, and typical of the coarse-grained ferruginous 
Dakota sandstone. . 
Sandstone, dark brown, red to black, hard and well cemented by iron 
oxide; texture irregular, ranges from medium- to coarse-grained and 
almost conglomeratic. Cross-bedding with foreset zones up to 2 feet 
thick and 4 to '6 feet , long; ' indination to west-southwest and some to 
northwest ; the larger and more persistent are inclined at an angle of 
~5 to 18 degrees. The contact wit,h the underlying zone appears to' be 
unconformable, but the actual relationships may be the result of cut and 
fill due to shifting of currents . ... .... . ... . . . . . .. . ......... . ... . . . . . 
Sandstone; gray to brown, calcitic, with smaJi amount of iron oxide, 
similar to the rock sometimes described as a quartzite. Lower part in-
tricately cross-bedded on a very small scale, zones of fore setting 10 to 
14 inches thick, foresets inclined 10 to 12 degrees ,in south, southwest 
and west quadrants. Upward the sand is poorly cemented and changes 
color to a yellowish brown. The lower 5 feet of the friable zone is 
evenly bedded, while the upper 10 to 15 feet repeats the intricate cross-
bedding seen in the lower part but with long gently sloping fore sets 
with southwest, west, northwest inclinations. , The well cemented 
"quartzitic" type of rock may be a local phaset, but it is a characteristic 
feature of the rocks of this region. The similarities with the calcitic 
sandstone of the type area near Sioux City are close ... . ...... . .. . . . . . 
3 Shale, brown and gray, calcareous. Permian · . . ....... . ....... . . .. .. . 
2 & I Permian limestone and shale. ' . . .. .. ... . .... . . .. < •• • ••••••••••• • ••• • 
FEET 
24-28 
30-33 
33 
35 
In the southeast quarter of section 32, near the rocks described above, 
gray and brown clay and shale series with the red hematitic sand-
sto,ne lenses is very well developed. The shales continue to the crest , 
of a prominent ridge, which is 75 to 80 feet higher than the base of 
the sandstone of Section 15. The position of these rocks cannot be 
accounted for by dip and it appears ,that the ridge was probably a 
topographic · high at the time of the deposition , of the coarse-grained 
highly cross-bedded ferruginous sandstone of zone 5 of th(;! section 
just described. The contact with the Permian rocks is also one of 
distinct unconformity, as may be seen about one and a half miles north 
of the section just described. At this 'place , a "butte': of Peni1ian 
calcareous shales and thin limestones stands 30 to 35 feet above the 
base of the irregularly cross-bedded yellow friable sandstone of Da-
kota age. 
264 IRREGULAR FEATURES OF DAKOTA BEDS 
The irregular relationships of the characteristic medium- to coarse-
grained ferruginous sandstone horizon are seen in many localities in 
Washington county. Along the \Vashington-Clay county line in sec-
tions 33, 34 and 35, T. 5 S., R. 2 E., and sections 3 and 4, T. 6 S., 
R. 2 E., is a very instructive section. 
In the highway cut at the southside of section 35 only clay and soft 
yellow sandstone are exposed, overlyin~ a red mottled gray clay. This 
section continues down to the creek level about 30 to 35 feet lower. 
At a large cut across the north center of section 3, T. 6 S., R. 2 E., the 
exp~sure at the same level is entirely of a soft, gray-yellow sandstone 
with very thin alternating beds of clayey shale and argillaceous sand-
stone. About 25 feet below 'the top of the cut is a hard gray-brown 
to red sandstone with some conglomeratic grains of quartz and bear-
ing dicotyledonous leaf material. On the opposite side of a small draw 
about one-quarter mile west this leaf-bearing sandstone is much thicker 
and continues to a level 50 to 60 feet lower. It is apparent that th~ 
coarse-grained ferruginQus sandstone increases in thkkness from about 
8 feet on the east side of the draw to approximately 70 feet within 
one-:- fourth of a mile to the west. This proba.bly is an old channel fill, 
the coarse-grained sands being the alluvial and bar deposits. In sec-
tion 3, as previously indicated, the leaf-bearing sand is overlain by soft 
gray and yellow sandstone. At the top of the hill there is much float 
of a hard ferruginous concretionary sandstone similar to that just 
described as the stream fill. It appears then that the ferruginous con- . 
cretionary sandstone may be repeated at more than one elevation and 
is not a distinctive stratigraphic unit; the conditions responsible for 
such stream deposition alternated with conditions which deposited finer 
grains and silty sediment. . 
The writer has observed and measured sections in a large number 
of localities in Clay, Cloud, Ottawa, Mitchell, Lincoln, Russell, Ells-
worth, Saline, McPherson and Rice counties of central and north-
central Kansas. These sections show without much question the ir-
regular characteristics of the Dakota rocks. There are shales, silt-
stones and fine- to medium-grained sandstones in thin alternating beds, 
normally poorly consolidated and without continuity over a large area; 
and there are hard concretionary ferruginous sandstones which thicken 
and thin, have a wide range in grain, and have more or less persistent 
cross-lamination; these in some cases are unconformable with the 
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alternating shales and sq,nds first mentioned. It is believed that the 
coarse-grained cross-bedded ferruginous sandstone was deposited as a 
channel fill by streams which extended their courses over the deltaic and 
adjacent shallow water deposits represented in the lower section~ 
In north~rn and central Kansas the conditions described above occur 
rather commonly. Many of the ferruginous coarse-grained channe1-
fill sandstones carry a dicotyledonous leaf flora, and the writer has 
collected invertebrates from beds immediately overlying this type of 
rock. The lower sands and shales also contain some dicotyledbnous 
leaves, and certain zones locally are filled with fragmented plant re-
mains and occasionally are lignitic . . The relationship of the leaves in 
the lower zone to ~ose in the stream channel deposits is not certain to 
the writer. However, he made ·a collection of leaves from the gray and 
iron-stained clays of section 3, T. 16 S., R. 9 W., southwest of Ells-
worth, Ellsworth county, Kansas, and these were identified by Dr. E. 
W. Berry of Johns Hopkins University in' 1925. The determinations 
by Berry are listed below. 
Andromeda parlatorii Heer 
Andromeda pfaffiana Heer 
, Dammara borealis Heer 
Eucalyptus Dakotensis Lesquereux 
Liriodendropsis simplex Newberry ' 
Myrica longa Heer (?) 
Myrsine gaudini Lesquereux 
Protophyllum sp. 
Prot6phylloc1adus subintegrifolius Lesquereux 
Rhamnites apiculatus Lesquereux (?) 
Sassafras acutilobum Lesquereux (?) 
Widdringtonites reichii (Ettingshausen) 
Berry comments on these forms, saying "most of the forms have 
been recorded from the Dakota but a couple have not, and none occur 
in the Cheyenne sandstone of Kansas. In the Atlantic Coastal PI~in 
tq.e majority are found in beds which I regard as of Turonian age, 
so there can be no question but that this horizon in Kansas is Upper 
Cretaceous."~48 The argillaceous material in which the leaves described 
above ;:tre found lies beneath the stream-deposited red ferruginous 
coarse-grained sandstone but may not be decidedly older than the red 
sandstones in other localities. . 
From another locality, in the southeast quarter of section 10, T. 16 
S., R. 5 W., Saline county, Kansas, the writer made a small collec-
tion qf leaves from a cross-bedded coarse-grained ferruginous con-
cretionary sandstone which occupies a position unconformably over 
148 Berry, E. W ., personal communication; dated Feb. 26, 1925. 
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the Comanchean. The relationship appears to be similar -to that 
previously described; that is, the clays and sandstones were cut out and 
the channels ,filled with the coarse ferruginous sand. In this particular 
locality, however, there is no question concerning the age of the lower , 
series, as the presence of the Mentor fauna classifies it as being of 
Comanchean age. ,Berry identifies ' the following forms from the 
upper sandstone: 
Araliopsoides cretacea (Newberry) 
Cones, probably Alnus , 
Dammarites cf. emarginatus (Lesquereux) 
Sassafras cretaceum (Newberry) 
Sassafras (Araliopsis) mirabile (Lesquereux) 
The material from this' 'locality is unquestionably a Dakota flora,149 
which, as defined by Berry, is related to the Woodbine flora of Texas. 
Stapton150 considers the fossils which he found near Denmark, Lin-
coln county, Kansas, as showing closer rel~tionship to the upper Dakota 
fauna of Nebraska than to the Men-tor faunas of Kansas. He does 
not describe the beds from which he ,collected these. fossils and as the 
writer was not able to duplicate his collection it is uncertain in just 
what horizon they occur. Rubey and Bass151 ' state, however, that' the 
, fossils collected by Stanton in Mitchell and Lincoln counties were fonnd ' 
in the beds near the top of the Rocktown member. However, the fact 
remains that a' fanna with Dakota affinities occurs in northern Kansas 
and that the uppermost beds of the Dakota stage are closely related to 
the underlying formations, which contain a dicotyledonous flora whic1:l 
Berry believes to be a characteristic Dakota flora. At the same time 
it must be remembered that the well-cemented coarse-grained sand 
which occurs in so many localities in n~rthern Kansas generally appears 
as alluvial deposits filling old valleys and spreading over the previous 
divides. This condition may indicate an extensive emergence of the 
lower clays, cross-bedded sandstones and calcareous rocks, followed 
by a general expansion of rivers of the Platte type over the region 
of low relief. 
Rubey and Bass'152 explain the upper 125 feet of the Dakota sand-
stone of Russell county, Kansas, as being a broad stream channel de-
posit. They give the name "Rocktown Channel Sandstone Member" to 
this part of the Dakota stage. They also call attention to the inter-
a9 Berry, E. \V., personal communication, Feb. 26, 1925. 
150 Stanton, T. W., Geol. Soc. Amer. Bull., Vol. '23. pp. 255 ·273, 1922. 
151 Rubey, W . W., and Bass, N. W., Kans. Geol. Surv., Bull. 10, p. 63, 1925. 
152 Op. cit" pp, 57-63. 
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lamination and interfingering of the gray and mottled reddish clay' de-
posits with the coarser-grained highly cross-bedded Rocktown member. 
This feature is characteristic of the· sandstone as observed by the writer, 
and at the same time he believes that the coarse sandstone interfingers 
or lenses with other clay beds. Even if the upper part of the Dakota 
sand is a distinct channel fill the relationship with the underlying forma-
tions is very close. The time interval between the emergence of the 
lower clays and sands and the deposition of the channel sandstone . is 
very short. It is even probable that some parts of the lenses of sand-
stone which appear as . channel deposits but which interfinger with the 
adjacent clays were deposited in the littoral zone as bars or as fillings 
in current channels bordering the beach. Tqe normal condition as seen 
in the outcrop is a channel or depression which was cut in the clays and 
alternating siltstones and sandstones, filled with the coarser sand to 
near the top of the channel, and then covered by coarser cross-bedded 
sands which were spread across the upper surface of the clays. The 
writer would expect a bar deposit, either littoral or stream channel, to 
have some relief above the clays or finer contemporaneous deposits 
and the interfingering beds to slope away from the coarser-grained bar. 
The lows adjacent to the bars may be filled with fine materials during 
the closing stages of the bar deposition. A channel fill dQes not have 
. the relief of the bar and, as indicated, is .a deposit made in a depression 
or eroded channel that is lower than the adjacent deposits and un-
doubtedly is lower than some contemporaneous ' deposits made in other 
parts <;>f the stream channel. In the majority of cases in which the 
writer has observed the type of deposit described as a channel fill, the 
slope of the beds was toward the center of the fill and this inclinat'ion 
decreased toward the top as the beds spread lateni.lly. 
One of the best examples of a deep erosional channel which was ~l1ed 
by sandstones of the Dakota stage may be seen at the picnic ground 
called "The Rocks", in sections 13 and 14, T. 19 S., R. 7 W., west 
of Little River, Rice county, Kansas. The Comanchean series con-
taining the fossiliferous Windom member, cone-in-cone' shale zones, 
. . 
and the Mentor horizon is channeled to a depth of 45 feet and 
a width of about 1000 feet. In the channel is a deposit of friable, 
micaceous, medium- to coarse-grained sandstone. The upper 18 to 20 
feet is prominently <;ross-bedded with foresets inclined to the south,,: 
west, west and northwest. Many Qf the truncation planes are marked 
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by thin zones of concretions and nodular pebbly materials with clay 
centers. 
One-fourth of .a mile west of "The Rocks" a medium-grained light 
brown to red saQdstone shQws the continuation of the channel fill. The 
foresets in the exposures here show inclinations ranging from is to 
25 degrees predominantly in a west and southwest direction. The 
approximate limits of the old channel can be followed for almost a 
mile, and the meandering course has 'a general west-southwest direc-
tion. The upper beds appear to be continuous for several miles and , 
normally overlie the Comanchean series without apparent unconform-
ity. 
At a locality about three miles east-southeas~ ' of Kanopolis, Ells-
worth county, Kansas, in the east bank of Smoky Hill river, near the 
west side of section 33, T. 15 S., R. 7 W., is an excellent exposure of 
the dark gray carbonaceous and fissile gypsiferous shales which con-
tain cone-in-cone and are generally characteristic of the Comanchean 
series. The sandstone horizons are micaceous and contain fragmental 
plant materials. A deep channel cuts across this section and in the 
depression there is a medium- to coarse-grained, friable to hard prom-
'inenily cross-bedded sandstone. The foresets have a general west-
southwest inclination similar to those at "The Rocks", previously 
described. This is taken to represent the channel fill member of the 
Dakota stage. 
Conditions similar to those described for the Dakota stage were 
operating in central Kansas during C.omanchean t'ime. The Marquette 
,member of the Belvidere formation at the Natural Corral, McPherson 
county, Kansas, shows a distinct lens character. Zone 9, a part of the 
Marquette member, is described by TwerihofeP53 as "friable, firie 
grained, yellowish sandstone with a somewhat compact six inch band 
near the middle and another similar two inch band about 7 feet from 
the top. Lo<::ally the zone co~tains a little shale. It forms the upper 
portion of the cliff above the spring at the head of the east arm of the 
Corral, where it is thinner and more compact than indicated above. No 
fossils . Thickness 17 feet 6 inches." 
~igure 31 shows a channel fill by the Mq,rquette member about seven 
miles west-northwest ot the Natural Corral locality. The Mentor 
horizon lies above this sandstone fill. At many localities near the 
adjacent corners of Ellsworth, Rice, McPherson and Saline counties 
158. Twenhofel, Kans. Geol. Surv., Bull. 9, p. 32, 1924. 
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the Marquette sandstone member is irregularly bedded, lenslike, and 
fills depression in the underlying beds. This is to be noted particularly 
in SE. 34 sec. 35, T. 18 S., R. 6 W., and NE. 34 sec. 30, T. 18 S., R. 
6 W., Rice co\+nty; SE. 34 sec. 6, T. 19 S., R. 5 W., McPherson 
county; SW. 34 sec. 35, T. 17 S., R. 6 W., Ellsworth county. 
FIG. 31.-Erosion of clay and sands of Comanchean age filled by medium· grained evenly bedded 
sandstone of Marquette member. NE. 14 Sec. 29, T. 17 S., R. 6 W., Ellsworth county, 
Kansas. 
A possible exception to the interpretation of the sandstone lenses of 
the Marquette or Dakota as being channel fills as described in the 
previous paragraphs may be made in the case of th,e condition observed 
near Carneiro, Kansas. In an exposure seen in a road cut on U. S. 
Highway 40-S, in T. 15 S., R. 6 W., one mile west of Carneiro, Ells': 
worth 'county, the fine-grained evenly bedded sandstone and gray clays 
are definitely , truncated by erosion and overlain by beds of medium-
to coarse-grained reddish. brown sandstone. The individual layers of 
the younger sandstone appear evenly bedded, with the thin parts of the 
bed pointing toward the clay bank but in detail minutely cross-bedded. 
The inclination of the units in the younger sandstones conforms to 
the slope of the truncation surface. Unfortunately, recent erosion 
has removed much desirable evidence. It is possible that this is merely 
another channel fill: with the beds sagging toward the center of the 
channel. However, a short distance' to the south another exposure in 
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a Union Pacific Railroad cut shows a similar truncation with the beds 
filling the depression ·and gradually flattening to a horizontal position 
away trom the. unconformity. About a mile farther south ' (see figure 
32) the upper sandstone zones show regular foresets, inclined to west 
and southwest, with horizontal truncation planes and very thillj .hori-
FIG. 32.-Regularly cross bedded sandstone, west of Carneiro, Kansas. Part of delta deposit'. 
Note book is five by eight inches . 
. zontal beds separating the foreset zones. This indicates a deltaic 
deposit, and the writer interprets all the upper beds of fhis locality as 
being a part of a large alluvial plain merging with a delta. It is his 
belief that the younger sandstones seen in the cut on the Federal high- . 
way mentioned above belong to a series of long foresets, marking at 
that time the channel of a delta distributary. 
In summary, it appears that the coarse sandstone lenses ' were de-
posited in a previously provided low in the clay, silt or. sat:ldstone older 
deposits. In many cases the truncation of the alternating thin sands 
and clays of the older beds shows clearly that erosion was responsible 
for the low area or depression. The erosion may have been contem-
poraneous, due to the shifting and meandering of currents, and coul~ 
have occurred in a stream channel, at a·deltadistributary, or in the near 
shore littoral zone. In other cases, where no erosion is apparent, or 
where the evidence is not conclusive either way, there are several pos-
sible explanations. The 'depression may have been one due to in-
.. 
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F,G. 33.-Rocktown Channel Sandstone member interfingering with clays and sands of lower 
members. Sec. 11, T. 13 S., R. 12 W.o Russell coullty, Kansas. 
equalities of deposition, or have been a low area lying between two 
points or projecting fingers of a delta, or a channel-deep in an ordinary 
fluvial environment; as the new material was brought in by currents, 
or as the distributaries on the delta shifted their courses, these depres-
sions may have been fiBed. In some cases the same current which 
FtG. 34.-The Rocktown Channel Sandstone member in some exposures shows a complexity of 
cross-bedding. The v.ariety of direction of fore sets and truncatio,n planes suggests 
the average conception of a wind deposit. The field relation~ indicate the fluvial 
origin of the beds. sw. l4, NW. ~, sec. 3, T. 13 S., R. 14 W., Russell county, Kansas . 
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brought the material to the site of deposition would rework the higher 
surfaces, wash some of the clay or silts into the depressions and develop 
an interfingering of the coarser deposits. 
The net result of such interpretation is to yield a series of possible 
explanations, all of which show a close relationship and a relatively 
short time break, if any, be1ween .th~ two sets of deposits. Whether 
the later sandstone series is a stream deposit' of rapid alluviation, stream 
bar, or littoral bar accumulation, the evidence indicates a certain con-
temporaneity of process~s. It is apparent, . also, that such conditions ' 
began earlier than the Dakota age, as the Marquette member of the 
Belvidere formation had the same history that has been 'outlined for 
the Dakota stage. Marine conditions intervened, however, between 
the Marquette member and the Dakota stage, as is evidenced by the 
Mentor member. '. 
FIG. 35.-In many parts of the Dakota stage closely related to the channel deposits are regu· 
lar zone~ of cross·bedding with uniform direction and amount of inclination. Such 
beds may , represent . the deltaic phases of the deposits. Sec. Z7, T. 15 S., R. 9 W ., 
Ellsworth county, Kansas. 
. , 
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FIG. 36.-MECHANICAL ANALYSES OF DA.KOTA SANDSTONE 
. Rocktown sandstone member, Russell county, Kansas. Section 4, T. 13 S., R. 11 W. 
Dakota channel fill, "The Rocks," section 3, T. 19 S., R. 7 W., west of Little River, 
Rice county, Kansas. 
Dakota, channel sandstone, southwest Salina. Section 10, T. 16 S., R. 5 W., Saline 
county, Kansas. Bears leaves identified by Berry as of Dakota age. 
Dakota, channel deposit interfingering with side of channel. Sectior 22, T. 12 S., R. 13 
W., Russell county, Kansas. . 
Rocktown channel sandstone, 'near type locality, section 3, T. 13 S., R. 14 W., Russell 
county, Kansas. 
Dakota channel fill, section 33, T. 15 S., R. 7 W., east of Kanopolis, Ellsworth county, 
Kansas. 
Dakota, section 8, T. 31 S., R. 23 W., Clark county, Kansas. 
Dakota, 15 feet lower than No.7. 
Dakota channel sandstone, section 9, T. 13 S., R. 12 W., Russell county, Kansas. 
Dakota, unconformably above Comanchean, sechon 31, T. 16 S., R. 3 W., Saline county, 
Kansas. ' 
Dakota, section 4, T . 30 S., R. 18 W. , KioWil county, Kansas. 
Dakota sandstone, channel deposit, section 8, T. 19 S., R. 7 W.o Rice county, Kansas. 
Similar to No.2 . 
. . 
i. 
CHAPTER VII 
INTERPRETATIONS OF THE COND.ITIONS OF 
DEPOSITION OF THE DAKOTA STAGE 
OF THE" TYPE AREA 
In making . a review of the detailed stratigraphic sections of the 
Dakota stage in the type area, adjacent to Sioux City, Iowa, there are 
several facts which stand out as being signific nt to any interpreta-
tions which may be made concerning the origin of the rocks. 
For convenience, the writer summarizes the most iqtportant of the 
fads which yield to interpretation. 
1. The fact that the Dakota stage, as defined by Meek and Hayden 
and as observed by the writer, is conformable with the over}ying cal-
careous fossiliferous marine shales and sandstones of the Graneros 
formation. Not only is it impossible to find any break in the section, 
but it is very difficult to place any arbitrary boundary between the two 
stratigraphic units. The recurrence of the thin evenly grained ' 
micaceems, glauconitic, molluscan-bearing sandstones in the 60 to 100 
feet interval of shales between the lignite of the Dakota stage and the 
chalky limestones · of the Greenhorn formation is indicative of the 
transitory conditions. The writer: feels justified, therefore, in making 
the conclusion that the Dakota and Graneros are intimately related. 
2. The presence 'in zone 6a, SeCtion 1, at the Sioux City clay pits, 
of a marine molluscan fauna, associated with glauconite, in a part of 
the section which undoubtedly is a portion of the original Dakota 
I . . 
"group" as defined by Meek and Hayden. . 
3. . The presence of glauconite as a primary granular constituent in 
the sandstones at several levels of the typical section. Zone 6a, Sec-
tion 1; zone 1, Section 2 ;-zones 6, 7 and 12, Section 3; zones 4 and 
10 (?) of Section 5 ; zone 1, Section 6; zone 4, Section 7; and s~veral 
other scattered positions in isolated sections give typical examples. 
4: The presence of dicotyledonous plant material in many of the 
horizons, some of which contain glauconite, \ and in the marine mollus-
can member zone 6a, Section 1. It is true that the zones which contain 
the best preserved and most complete leaves usually do not contain 
glauconite. 
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5. The occurrence of lignite zones at more than one horizon in the 
section and at all of the more complete sections of the type area, and 
the common occurrence· of carbonized vegetable material or general 
lignitic substances in practidllly every arenaceous horizon in the ' sec-
tions. 
6. The characteristic fineness of the. majority of the sand$, the 
high degree of sorting, the high angularity of the grains, the low per-
centage of accessory minerals other than glauconite and muscovite-
all these appear as persistent features throughout the area. 
7. The abrupt la eral changes in the sands and clays and their 
tendency to interfinger and to grade vertically are indicative of the 
delicate equilibrium of the conditions in the site of deposition, which 
with onfy a slight variation would change the character of the material 
deposited. This fact also makes it very difficult, and it might be said 
undesirable, to attempt any detailed correlation, zone' for zone, between 
the different sectio~s of the type area. ' ' 
8. The. presence in various sandston.e zones of marks which may ' 
be interpreted as oscillation ripples, wave or sw~sh marks, also the 
concentration of iron oxide in thin zones, many of which are parallel 
with ripple surfaces, truncation planes and foreset zones; all indicate 
the relative shailowness of the water and the possible occurr~nce of 
shdrt periods of emergence. 
9. The presence in several of the sandstone members of minor 
unconformities or diastems but the absence of any marked erosional 
channels similar to these described in the Kansas section. 
10, With the exception of the significance of the mineral glauconite 
in several of the sandstone zones of the sections in the type locality, a 
study of the mineral content of the sands yields very little information. 
Numerous photomicrographs showing the physical nature· of the sands, 
the glauconite and the cementing materials qf the sand, and enumera-
tion of the minerals in some of the specimens have been included as 
part ef the detailed descriptions. Mention' has been made frequently 
of the presence of grains of quartzite and chert of varying sizes, of 
basic fel,dspars and amphiboles, which is taken to be an indication that 
the sands of the Dakota type area had, at least in part, their source 
to the north and northeas~" In southeastern South Dakota and adjacent 
Minnesota, about' 80 miles north of Sioux City, the Sioux quartzite 
of Algonkian age was exposed during Cretaceous time, as is indicated 
, 
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by the condition of overlap observed in the field and interpreted in well 
records. The relative abundance of basic feldspars may have a close 
correlation with the numerous exposures of diabase dikes in the south-
east corner of South Dakota. The presence of a variety of minerals 
such as zircon, tourmaline, ilmenite, magnetite and rutile means' little 
as they occu~ in varying quantities at different localities and are 
. ' 
generally distributed through sediments of different ages. 
At first the writer was skeptical concerning the validity of his 
identification of the mineral glauconite, but comparison with sections 
and grains of the same mineral in various stages of decorlleosition from 
sediments in Kansas, New Jersey, Texas and Wisconsin served as a 
- check on the identification of the mineral in the Dakota type sands. 
There seems to be little question that the gla~conite in the several 
members of the Dakota stage was formed on the site of deposition 
of the sand. In one or two instances, however, the evidence is not so 
certain, and it is possible that a few grains of weathered glaucot:lite 
w,hich were observed in some of the lower sands of the Sergeant 
Bluff Section 5 and the Homer, Nebraska, Section 10 were derived 
by the erosion of a nearby glauconitic sandstone. The mineral is so 
-fragile and easily weathered that it is doubtful if it could stand a 
very long period of ,transportation. The writer knows of no fresh 
glauconite which occurs in rocks of other than marine origin. Glau-
conite sometimes develops by the alteration_ of an alkaline feldspar, 
but such development can be observed when 'the grain is studied in thin 
section. Such alteration was observed by the writer in a thin section 
taken ,from zone 9 of Section 1, which is at the top of the Dakota or 
base of the Graneros formation. 
It is difficult to make correlations of the individual zones represented 
in the different detailed sections presented in this paper. As appears 
in the study of any single exposure the lensing and interfingering of 
different types of rock are pronounced, and it is even difficult to com-
pare two sections within a few hundred feet of' each other, except by 
noting the' position relative toa given datum. Thus the l~ck of any 
persistent horizon mClkes it unwise to attempt a 9,etailed matching of 
the sections. 
It has already been shown that it is undesirable to attempt to uSe 
the contact between the base of the Graneros and the ' top of the Da-
kota as a means of ,correlation, as this zone does not' have a definite 
, 
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posItion . . Any divisio~ between the Dakota and Graneros is purely 
arbitrary, and the writer believes that such a division is unnecessary. 
Observations in the Kansas area substantiate this conclusion. At many 
places where a section includes the Dakota and Graneros, the former 
grades into the latter. It is true that the Graneros shales are almost 
.everywhere dark gray, carbonaceous, fissile, with sandstone lenses, and 
have a few invertebrate fossils which are more distinctive of the 
Colorado stage. 
The base of the Dakota stage in the type area is not exposed, and 
it is uncertain , from a study of the poorly preserved well' records just 
where it may be. Indications are, however, that the Dakota ranges 
from 100 to 300 feet in depth below the surface in the type area. It 
is interesting to note, however, that wherever the Dakota is found 
resting on older rocks, the interval to the overlying Graneros is 
normally much less than the figure -of 400 feet which is frequently 
given for the Dakota of Nebraska, Kansas and Iowa. The writer is 
of the opinion that when more careful records are taken and a thorough 
study is made of the well cuttings from drilling's which penetrate the 
full division of the Dakota in northern Kansas and Nebraska the 
average thickness will be found to be approximately 225 to 250 feet. 
The occurrence of 50 to 100 feet of sandstone ' and interbedded shales 
in one locality, 100 or more feet of clays and silts ·in another locality, 
with 50 to 100 feet of sandstone overlying the clay in several cases, 
has led some geologists to believe that the Dakota is divisible into three , 
members, and that the thickness is the total of the three divisions. The 
writer's observations, as has been indicated in the present paper; <:ause · 
him to be strongly of the opinion that the clay zones are frequently the 
equivalent of the ' sandstone zones, either the so-called upper or the 
lower sandstone. 
The g!!neral change in the character of the deposits ~rom one point 
to another may be appreciated by comparing the writer's Sections 10, 
8, 7, 5, 4, 1, 2 and 3 (see Fig. 25). This series of sections starts 
southwest of Homer, Nebraska, takes in the west bluff of Missouri 
river to the Aowa creek ' section, the east bluff of' the Missouri from 
Sergeant Bluff north through the Sioux City pits to, the section in 
southern Plymouth county on Big Sioux river. The, differences in 
sections when ~onsidered as a whole show the dominance of sandstone· 
in the south and as far as the Prospect Hill section at Sioux City, with 
I 
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finer' grained arid more argillaceous beds to the north and west, as seen 
in the , Aowa r:reek section 7, the Stone PCj.rk Section 2, and the 
Plymouth county Section 3. The upper, part of the Sergeant Bluff Sec-
tion 5 is dominantly sandy, while the lower portion contains a large 
amount of shale; clay and silt. ' 
The only factors which might be termed consistent in any of 
these sections are the lignite beds as seen at Sergeant Bluff and 
the Sioux City pit, and the reddish brown glauconitic 20- to 24-
inch sandstone layer which can be traced from Sergeant Bluff to the 
Sioux City pit, thence to Stone Park and to the section in southern 
Plymouth county. At the base of the section along the south bank 
-of Missouri river, zone 1 of the Elk Point Ferry Section 6 contains 
the marine fossil horizon and g-lauconite, as described above. Zones 
4 and 5 of Section 7 and the top zone of Section 10 south of Homer 
probably are equivalent to this sandstone. As this is the member ~hich 
carries the marine invertebrates at the Sioux City pit, the belief is that 
at this one period at least an embayment occurred in the Sioux City 
area. 
The lignite which occurs in zone 9 of the Crill Mill section of 
, I 
southern Plymouth county may be the same as zone 7 of the Stone 
Park Section Z, which in turn m~y be ,near the sam~ position as the 
lignite of zone 5, Section 7, near the. mouth of Aowa creek. This 
lignite lies at the base of zone 7, Section 2, and below zone 12, Sec-
, tion 5, either of which the writer believes is correlative with z0!le 6a 
of Section 1. As seen in Sections 1, 3 and 5 there are lower lignite 
horizons which may be at about the same position. In Section 7, at 
the mouth of Aowa creek, there is a higher lignite which does not seem 
to have any correlative in the other sections. 
The presence of the lignites low in the stratigraphic section, again in 
the middle of the sections, and in one case in the upper ' part of the 
section, and the large amount of lignitized and carbonized vegetable 
material whieh occurs in large fragments and as small accumulations 
in depressions in the sandstone 'and silt in many parts of the exposures 
indicate the recurrence of swamp or lagoon condition!? favorable to 
the accumulation of vegetable material under water. The presence of 
a fine-grained sandstone with glauconite, and, in at least two localities, 
with marine invertebrates" indicates a marine extension at least once 
during the Dakota age. The occurrence of glauconite in the various 
.. 
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sands is taken as proof of their marine origin. It is true that a glau-, 
coni tic sandstone at one point, as for iristance at Aowa creek; may have 
for its equivale~t a series of alternating fine sands and silts at another 
locality, as at Homer. ' 
The section at the foot of Prospect Hill in Sioux City, with its 
dicotyledonous flora, and the sandstone zones which carry the same 
type of leaves at Sergeant Bluff, the Sioux City pit, and along Big 
Sioux river do not necessarily prove the terrestrial origin of the, 
sediments. The occurrence of some well preserved leaves suggests, 
however, that land was not far removed and that at favorable times 
the leaves floated out to be deposited in the lag09nal and deltaic sites 
of accumulation. 
The direction of the motion of the currents which were depositing 
the sands in the type area may be interpreted in part by the direction 
of , inclination of the foreset beds of the cross-bedded zones. Such 
inclinations have a wide range and may be found facing the south-
west, west, north and northeast. This would leave the southeasterly 
and a part of the northeasterly quadrants as possible directions from 
which the transporting currents came. When the sections southeast 
of Homer and southward toward Decatur are considered, the direction 
of the inclination of the foresets is seen Jo change to face the south-
westward and southeastward quadrants, thus suggesting a swinging 
of the shore line toward the southeast in the area southeast of Sioux 
City. 
In summing up these statements and interpretations the writer con-
chides that the type area of the Dakota stage represents the sediments 
laid down 'in an environment at and near the shore line of a broad, 
relatively shallow ocean. The material was derived from the north 
and northeast and was carried southward by streams of small com-
petency which may have had wide flood plains and which when reach-
ing the coast line, built wide and ramifying deltas. At times thes~ 
deltas extended t;hemselves seaward with a development of barlike 
fingers of relatively coarse material, with the minor distributaries of 
the streams throwing off the finer silt and clays which were deposited 
on the flank of the principal distributary. Such a finger is believed to 
occur in the north-south zone which is indicated by the Prospect Hill 
and Homer sections. During at l~ast one time the sea advanced over 
the deltaic and littoral deposits to and probably beyond the Sioux City 
• 
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area and deposited a glauconite sand with marine invertebrates. That 
the sea advanced from the west, southwest and south in this area is 
indicated by the direction of the foresets in the accompanying current 
deposits. How far south this sea extended the writer is uncertain. 
However, the fact that the marine invertebrates at Sioux City show 
close relations to parts of the fauna of the Mentor formation C?f Kansas 
indicates that there was a common source of the fauna and that the 
seas were at least connected. The writer has been inclined to believe 
that the Sioux City sea was not continuous into southern Nebraska 
and central Kansas, but that possibly a peninsula projected westward 
from southern Iowa into central Nebraska and separated central 
-Kansas ·from the northwestern Iowa embayments. In this case the 
principal advance of the sea in the Sioux City area would be from the 
west and southwest, arid the gulf would have a shore line which would 
trend to the southeast from Sioux City and swing westward from 
southern Iowa into central Nebraska. The coarse deposits of the 
Coburg, Lewis and qther southwestern Iowa localities l'epresent the 
deposition of the westward- and southwestward-flowing str.eams. These 
. streams made their deposits and e~tended their deltas for a short period 
over the thin marine bed represented by zone 6a of Section 1. A second 
definite sea invasion followed which marked the beginning of the 
conditions which were ultimately to characterize the Graneros, Green-
horn, Carlile and Niobrara deposits. 
The brief descriptions and references to the Dakota of southern 
Nebraska and central Kansas were included to show that the deposits 
of those regions have ~ome characteristics in common with the Dakota 
stage of the type locality and also show some marked differences. 
However, there is no question in the. writer's mind but that the history 
of. the Cretaceous rocks below the Graneros of Kansas, when con-
sidered in a single picture, represents conditions which were not unlike 
those of the Dakota of the upper Missouri country. That is to say, 
a near shore, littoral, marine and terrestrial environment existed in 
Kansas, and coarse sand, silts and clays and lignites were-deposited in 
. . 
that environment; but it occurred at an e<\rlier time than the deposition 
of similar sediments in ,a similar environment in the Sioux City area. 
TwenhofeP54 has shown that . the Kansas sediments of this type 
include several members which carry a marine fauna of a definite age 
104 Twenhofel. Kans. Geol. Surv., Bull. 9, 1924. 
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The equivalency of this fauna to the Washita of Texas has been 
established. At the same time the age of the youngest part of the 
Dakota stage of Kansas appears to be that of the type Dakota, based 
on the floral content. 
Whether the shore line' on the eastern edge of the Dakota embay-
rryent had a direct course from eastern Kansas to midwestern Iowa, or 
whether it curved northwestward from eastern ' Kansas to ceptral N e-
braska around the peninsula' and then curved back to the east in 
western Nebraska, extending on up into Minnesota, the fact remains 
that the accumul;;ttion of the Dakota type sediments was made at about 
the same time as the accumulation of the Belvidere formation and the 
delta and river deposits of the Dakota of Kansas. 
The writer favors the theory of the contemporaneity of the type 
Dakota and the Dakota and ,Belvidere of Kansas, rather than the theory 
of a progressive overlap from Kansas northward to Nebraska. It 
would have been impossible for the latter condition to occur with the 
deposition etf sands by streams in Kansas at a time when a glauconitic 
sandstone was 'being accumulated in a marine environment in Nebraska; 
the close relationship of age being established by the dicotyledonous 
flora and also by ,the close affinities of the invertebrate 'faunas. An-
other viewpoint might be taken by considering the Graneros and Green-
horn formations. In Nebraska and northwestern Iowa the Grane'ros 
formation is merely a transition from the Dakota, and there is small 
difference in the relative ages of the two, as indicated by the affinities 
of the pelecypods in the giauconitic sand layers in the gray shales at 
the base of the Graneros. In Kansas the Graneros overlies the Dakota 
with apparent conformity and is also a transitional sediment. Where 
the-Graneros occurs above the Rocktown Channel Sandstone member 
the only break or apparent unconformity, except the gradual change in 
lithology, is found at the base of the Rocktown member. If this 
nearly continuous deposit represented an accumulation in a gradually 
advancing and overlapping sea, the deposits of the southern area should 
be much ,older than those of the northern area. This does not appear to 
be true ; first , because of the presence of a similar dicotyledonous flora 
in both areas; second, because of the presence at Sioux City of marine 
invertebrates which al,"e closely related to the invertebrates contained 
in the Mentor member and in a sandstone at the top of the Dakota 
stage of central Kansas and in the formation just below and closely 
r 
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related to the Rocktown member of Kansas . . There may have been 
in early Graneros time an overlap of a rapid nature which mo'ved 
toward the southern and northern area simultaneously from the west. 
This possibility is suggested by the character of the deposits, the direc-: 
tion of inclination of the foresets, and the extent of the channel depos·its 
of the Dakota stage of Kansas and northeastern Nebraska. However, 
the writer has not made sufficient studies in the areas west of Kansas 
and Nebraska to discuss this viewpoint. 
The Position of the Dakota S,tage in the Upper 
Mesozoic Sequence 
The primary purpose of this paper ' is not to define the relations be-
tween the rocks which have been called Comanchean and sometimes 
included as a separate geologic system, or to argue the question of 
the validity of the division of the Cretaceous of central North Atl}.erica 
into two systems. However, certain facts and relationships concern-
ing this question may be gained from the data presented in this paper . 
. Other data which the writer has accumulated and has not presented 
here, because of the limits of this work, also serve as a basis for the 
writer's opinion. . 
Using the Kansas , Nebraska and western Iowa area as a background, 
the writer is convinced that the Washita-Kiowa-Mentor series belongs 
to the same general sequence as the Dakota stage of the type area. 
Also , because of the close relationships and the similar physical history 
of the "Dakota" (using the term in a narrow sense) rocks of Kansas 
and the Kiowa-Mentor series of Kansas, it seems impractical t~ make 
a systematic separat,ion in that part of the geologic column. 
The affinities of the fauna which occurs in the rocks of ,the type 
,section with that described by Stanton ' from .the Dakota sandstone in 
northcentral Kansas and in turn with some of the species of the Mentor 
sandstone of central Kansas, and the occurrence of typical Dakota flora 
in the clays which lie below the channel member of the Dakota in 
Kansas and are closely related to the Belvidere clays and sands, all tend 
to substantiate the conclusion that the entire section is too intimately 
related to bear a major geologic division. 
The writer places the \Vashita-Kiowa-Mentor-"Dakota" rocks of 
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Kansas in a stage at the base of the Cretaceous system. This stage may 
be considered a part of the Comanche series. The Dakota or the. type 
area may be in part younger than the oldest part .of the stage in 
southern Kansas and younger than the lower part of the Comanche 
~eries of Texas; it is at least as old as the Mentor member of Kansas, 
and apparently is closely equivalent to the entire Kansas section. 
I · 
CHAPTER VIII 
AN EXPERIMENTAL STUDY OF FLUVIAL SORTING 
AND DEPOSITION 
The question of how to sample a sedimentary rock for analysis 1S 
difficult to answer. Also, it is difficult to be certain if the sample is 
representative of the conditions under which the material was de-
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F,G. 37.-Analysis of source material for Experiment No.!. 
posited. In dealing with cross-bedded sandstones one can take many 
different types of samples. A sample taken from a vertical zone at 
right angles to the direction of the depositing current and a sample from 
the same position but parallel to the current may show some differences ; 
The experiments described in this chapter were performed in the spring of 
1929, Since that time a new stream table has been installed in the sedimentation 
laboratory. The new table is built of sheet steel, rigidly supported by heavy 
steel beams mounted on capstan jacks. The tank is 21 feet long, 7 feet wIde, 
with sides 12 inches high at the low end. The steel trough is joined with a 
depositional basin 7 feet wide by 8 feet long and 2 feet deep ,whiCh has glass 
sides ' and a concrete floor .. The jacks serve to change the gradient, with a flow 
either to or from the depositional t:iasin,-March, 1931.. 
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a sample taken from a single layer or foreset zone may be distinctly 
different from ,a sample which represents a composite of several or all 
oJ the foreset zones of a single unit of cross-laminated beds. Samples 
taken from different parts of river channel and bar deposits show dif-
ferent types of mechanical analyses. 
In order to study the variety of analyses obtained under known con-
TABLE I 
Sizes 
Mechanical Analyses for E:'(perim£'7lt No, I 
inmm. A 2 3 4 5, 6 7 8- 9 )0 
4-2 . ...... 1,4 1.0 0,7 0.8 0,9 3.2 2,4 0,3 0.5 
2-1 ... .. '," 5.8 1.6 1.5 4.2 3,1 13,8 4,8 13,9 8,2 2,0 1.4 
I-Yo . ..... 22,9 16.3 16,2 27.2 23.9 46.8 36.8 28.1 31.0 24,6 16,0 
0-y.( 45,4 41.0 45,4 51.2 53.1 33.1 42,2 26.0 38,2 54.9 55,0 
y.(-% . .... 11.5 14,3 13.8 9.4 10,7 1.8 8.8 5.9 13.2 11,5 17,0 
%-n- ..... 2,4 6,2 5,3 1.5 2.8 0,3 2.3 2,5 3,4 1.7 3.2 
n--.J.z ..... 6,9. 18.2, 12,6 2,5 4.2 3,4 3.5 13.0 2.9 3.1 4.7 
*2-144 ... . 1.~ 2.0 4.3 0.8 0.7 0.5 4.2 0.6 0.7 1.0 
~ia4-0 ... .. 1.8 0,4 0.9 2.2 0.8 0.2 3.2 0:1 1.2 1.2 
Total , ... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
A-Source materials, average of 3 samples. 
I-Top center near head of delta. 
2-Toi> of del ta center, simi-Iar to No. 1. 
3-Top of delta near source, left hand corner. 
4-Top of delta near source, right hand corner. 
5-Left .s ide, center of delta. 
6-Center head of delta vertical section, upper half, transverse to current. 
7-Same as No, 6 but lower half of delta, transverse to current. 
8-Same location as No.6 but parallel t,o current. 
9-West slope of delta, y, inch fore set zone, 
l(}-Top of channel bar downstream 'point. 
ditions of river transportation and deposition, the writer performed 
some simple experiments with the str(!am table in the sedimentation 
laboratory at the University of Iowa. 
The stream table used for these experiments is a long, shallow, 
flat bottomed, horizontal trough, measuring 13 feet long, 3 feet wide 
and 7 inches deep. The trough is lined with sheet tin and is water 
tight. The bottom of the trough is horizontal and relatively even, 
except for a few minor bulges in the tin work. At one end is a basin . 
with an outlet which can be changed to maintain a constant water level 
at different depths in the trough. The water enters the table as a spray 
or from a lakelike reservoir at ,the end opposite the outlet. 
STREAM TABLE EXPERIMENT ,NO. I 
The upper half qf the table was filled with sand so as to make a 
bed over which the water would flow from the reservoir at the head. 
The crude charmel prepared in the sa'nd had a very steep gradient with 
an ;ibrupt reduction at the edge of the sand bed. The outlet level was 
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FIG. 38.-Mechanical analyses of deposits in Experiment I. See Table I for explana,tion. 
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raised so that approximately' 30 inches of water stood in the table 
below the sand bed area. The effect was a rapidly flowing stream 
carrying a heavy load which yvas deposited on the growing delta. The 
delta was approximately 12 inches across and 16 inches long when it 
was completed and ,the samples were taken. A number of samples 
taken from various parts of this delta were analyzed and compared 
with the analysis of the sand being eroded. 
The analyses in Table I and plotted on figures 37 and 38 speak for 
themselves. The~e are important differences in the deposits as in-
dicated by the graphs, even' after the minor distinctions are eliminated 
by the use of a small plotting scale. 
Samples 1 and.2 are similar and were taken ' from nearly the same 
position and from environments also identical. The analyses of these 
two sediments show that under similar conditions a similar assortment 
of sand is deposited. 
Analyses 6, 7 and 8 make an interestit).g comparison. Numbers 6 
and 7 are from a vertical ' zone which was transverse to the direction 
of the depositing current, but number 6 represents a zone 10 inches 
deep, including the top, and' number 7 is a one-inch section immediately 
below. The difference in the analysis includes a shift of the primary 
or maximum grade from th,e usual one-half to one-fourth mm. grade 
in number 6 to the 1-0 mm;. grade in number 7. In general number 7 
is · a coarser sand with over three times as much material in · the two 
, . 
coarser grades and with the maximum grade occurring in the 1-0 mm. 
grade, HO,wever, number 6 has 8S per cent of its material larger than 
34 mm. and number 7 has only 71 per cent in the same range. Number 
7 differs also in the prominent secondary maximum in the 1/16-1/32 
mm. grade. 
In the 'case of samples numbers 6 and 8 the specimens w,ere taken 
from nearly the same po~ition with regard to the head ,of the delta. 
and represent a vertical section 10 inches deep, including the top. 
Number 6 sample came from a face one inch wide transverse to the 
current direction, and number 8 came from a face ' two inches wide 
and parallel with the current. The differences in these analyses are 
very slight, the small increase of material in the finer grades below 
1/8 mm. in sample 8 'being due probably to the slightly greater distance 
from the source of a part of the sample. 
Samples 3 and 4 show similarities in their ,size composition. The , 
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positions on the delta with regard to source and depth of sampling were , 
nearly the same except that they were from opposite sides and were 
deposited by different distributaries. 
Sample' 9 is from a thin zone of foresets and was taken parallel with 
the bedding. It is probably more distinctive of a single set of condi-
tions than any other sample of the group. The current and volume 
of the distributary were nearly constant during the deposition of this 
single foreset bed. The degree of assortment of the sand is shown by 
the presence of 55 per cent of the entire sample in the 0-;4 mm. grade 
and 79 per cent in the grades between 1 mm. and ;4 mm. There is a 
close similarity to sample 4, which is from the top of the delta and in 
reality represents the material in process of transportation to a foreset 
zone at the time the water current was ~hut off. Sample 10 is of a 
different type than those described above. It is from the stream side 
of the downstream point of a bar in the channel above th~ delta. The 
analysis when compared with that of the source material shows the 
effect of a sorting action with a .concentration of a greater amount 
of material in the 0 -% mm. grade and the removal of the coarser 
grades. The subsidiary grade of ;4-1/8 mm. is greater in the case 
of the bar deposits than in the source material. 
In summary, it appears that some caution should be exercised in 
taking samples and that careful note should be made with regard to 
the structural relations of each sample. This is true particularly in the 
case of foreset beds. It is not always possible to know the exact 
relationship of any specimen to the head of a delta or to the distance 
from the· farthest removed distributary, but it appears from these 
analyses that these facts are less . important in the ultimate interpreta-
tion. 
The statement of this experiment does not intend to exclude the facts 
that the conditions represented here on a small scale do not exactly 
duplicate the natural environments and that conclusions drawn from 
such experiments may differ from conclusions based upon accurate 
observations in nature. However, such experiments do tend to demon-
strate the need for more measurements of natural conditions. 
STREAM TABLE EXPERIMENT NO. II 
The sand material used for this experiment was spread out more 
or less unevenly over the stream table with a gradual decrease in thick-
ness from the head of the table to the foot or the basin end. At the 
SAMPLES FROM STREAM DEPOSITS 
·:f ' 
h~ad the sahd' was approximately eight to nine inches deep, while at 
. the 'iob,t ther,e WflS only 'abotlt orie-half , inch of m~tetia1. . A broad,' '. 
indistinct meandering channel 'was made ih this sattd bed, so that as the ' " .. ,,". , 
~ater flowed from 'the' reservoir at the head there ~as a tende~cy for r: '-
, ~t to f~ilow in 'this lower 'coi:t~?e. In qther words, a c9~sequeti.t 'stream { ,'''" ': ' " 
. , , ;(.~... .' 
was developed. " 
. FIC:. 39,-A 'view of the river' taken. at an eariy' st;<ge of ~xperiment II, before cutting through 
" • the bank 0.11, tpe righ~ middl~ and Jeft , bac!<ground, Co,!,pare wjth .Figure 40. " . 
'The wate.rw~s allowed to flow continuously f9rnearlyone hundred . 
" , 'hours'; during which time 'the stream me~ndered, changed its course;', 
built and removed bars, and in general deve1aped"a flood plain similar·. e 
to that seen in rivers ,of the Platte river' type. Figure 39 ' sho~s an ' 
ea,r1y stageO£.. the str~am on ,the upper haH of the table; :1t , will be \:: 
noted that the wat~r is very shallow and that in 'reality ther~ is : con~ ' 
sider:able te'\1dency for the braiding o{the channel., Figure :40 'sKows' . L" ',' the str~am t~l.ble with.'well d.eveloped c~al1!1els at ,'th~ close o(th<; ex": : ~~ , 
1'~tf" , ,perinlcnt ,This 'view was . .taKeh hom about five ,feet above the' tab,le ' " 
; 'and the backg~ou/1d i~'t considerabIy fo~eshQrte~ed. " . 
rl"! .. , I.' \.,~ .. ... " . I . ,. • ... .• ' .. ,::~:~. '.: . FigureAO shows t4e position of a series ' of' samples whieh were . 
, . ", ,t.aken to ~epreseht th~ different types, and cQndjtio.n'$ 6f the ,~t'ream .: 
-:' . dep6si'ts: ·· (~dditional explan<!-tioris are ,given ' in the fblIowing ' pages . 
• , •. ~ .1. 'i II <: ~1. '"~ r'.'1\ ., ~ •• , ... ' 
1 :l::Jk:. ',~' , .;.-
4O:-View tak~n' 'f.rom basin end and about 
?f stream and locafion of samples, 
~;i:iiure'41 s4Qw~ in greater detai1th~ char~cter ~nd position of samples 
,", _:B~ ,C, D ~nd E. ' The ana,lyses of these samples~' ar'e grouped' in ; figur'e 
"';;,:,4~; ,a,np t~e pen:entages are tabulated in Table II. , 
;~~ ~:: ..... ,~' . ,,(. ,All' samples were ta~eri "from an area approximately, twq 
"~":i~~'»<t>/'" L;.~g~a.re a~~ Oi1?-~luded .the n:tateriiil'in the upper 9ne-fourt~ -to 
'::.::~~~~~.;;;~ ;j!'~'~<' -~\ .•.• ~~"". "~.' '.! .. , ' .. ..,. ? ', ' • 
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eighths of an inch. Samples were dried and analyzed for both their 
sand and clay content. . The regular method of subsidation and screen-
ing is described in Appendix A. 
FIG. 41.-Detailed view of central part of stream showing position of samples B. C. D and E . 
Sample A.-Taken near the basin end of the stream table from a 
part of the channel which received only !;l side current, which at times 
,of overflow would have a trend of 60 to 75 degrees to the right of the 
main current. Fine material would be deposited over the coarse, tend-
ing to settle between the coarse grains. In the photograph the coarse 
grains are more apparent. 
TABLE II 
Mechanical Analyses tor E:~peri11lent No. II 
Diam. 
inmm. A B C D E F G H 
8-4 ... ...... .. . 6.0 
4-2 ... ... . .... . 0.8 1.0 12.0 0.8 0.7 1.7 Tr 2.1 
1 ... ... ...... .. 1.4 2.8 25.1 2.2 2.1 11.6 1.0 5.4 
0 .......... . .. 20.5 21.8 29.2 21.0 30.1 45.7 21.4 25.3 y.; . 49.8 44.3 18.6 51.4 48.2 25.9 51.8 31.0 .. ... ..... .. . 
~ .... . .. ...... 10.7 11.4 3.7 13.5 6.7 2.8 14.7 7.1' 
iII .. ....... .. .. 2.7 3.3 1.4 3.6 1.4 1.3 2.7 2.3 
*n ... , . . ....... 14.1 15.4 4.0 7.5 6.7 11.0 8.4 12.7 
%4 ...... .. . . .. 2.3 8.0 
-%4 ....... .. .. . 1.8 6.1 
--
Total ............ 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
* In the analyses which do not show percentages below the 1/32 mm. grade no separation 
was made a nd all that passed the 1/ 16 mm. screen was caught in the pan. 
~ -
I 
I 
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. 
Sample B.-Taken from a bar in the main channel on the left side 
of the main current. The angle between the main and bar . currents 
was about 25 to 30 degrees. In the photograph, figure 49, the material 
. 'Yo Via. in 
mOl. 
.. - . -128 
--a~ 
--32 
- -10 
--8 
.8 --I 
-o;-'! 
1.4 
--1 
20 .5 --~~ 49.8 
--'4 
10.7: --% 
2.7 -I/Ill 
14.1 Pan 
-1/a~ 
---8 
l.O~ 
2.8 --1 
21.8 __ ~ 
44.3 --'4 
11.4 --I' 
·3.3 -1/15 
15.4 ITan 
.- -1/ 64 · 
6.0 : 
12.° __ 2 25.1 __ 
1 29.L-~ 18.1 __ '4 
3.7_1, 1.4_1/ 16 
of.O pan 
-1/64 
I 
~ 
-
• 
i 
I 
~ 
--
: 
L 
Jl 
1M 
, 
... 
D 
Via,'ln 
inm. 
--128 
-,.--6{ 
--82 
--16 
~-8 
.7==! 2.1 __ 
1 30.1 ~ 
48.2==v. 6.7 __ 1, 
1.4_1/16 
6.7_1/32 2'~_1/64 1. _0 
--8 
---4 
11:6--~ 
45.7~ 2i'a-'4 
1'3--1' 
• - - -1/16 
,11:0 Pan 
-1/ 64 
---8. 
-I 
Tr --2 
1.0 --1 
-t--l-+-+--+. 21. '+ --~ 51.8 'I.: 
--t--l--+--+--I 14.7 ==1: 
5:4 Tali/ 16 
-1/64 
Per Cent 
I 
-
-
• 
FIG. 42.-Mechanica l analyses of deposits in Experiment II. 
P 
I: 
appears finer than that of sample A, but the analysis shows that it is 
slightly coarser. . Sample B included a part of the coarse-grained bar 
nucleus which had been covered with t.he finer sands. . ' 
DESCRIPTION OF SAMPLES . 
, Sample(L~Taken to "the right of B but in the ~ain channel. The 
' m~krial in. the stream bed' grades downward ';to finef sand which was 
deposit~d ~heil ~he rrtainctitr~t was near fheright hand' bank. 
., Sciinple ' D.~A b~r s~mple irom the iast principal Gh~~hei ab6ut 
. ~; ~". ' ,: tniclw~i in the lengtl(Qf the ~'tream. Just below this s~inple .at' the .,' . ~ 
.••• 4, ":~:;"', .~. p~int o'f the. . ba.r ,·th~. s~~d was muchtoarser .. "'The " coarse : m~teriar ", y ,',. . 
._~., j" t • " ~ • . • ;'. !.' 'f' i" 
.:. \~ :,< :': ,,:,as ~afrie~ along the edge ?-l1:d oyer the top surfa~e' pf the bar. ',. Sands ',~ "';. .~ ,'" 
':":', '.:' ,," ·· of . a: more ·typicC].1 size grade distr:jbuti<;m gradually migrated ,clown~ ':.., .~ , ~h ~:."', 
'; . j', • . stream to cover 'the coarse dep,osit. , Such action results in .a nucleus ,';' 
, ... 10~,,: (;, ~ ,~,_ j . ',' ~ ). ". ", ,. 1 ' • • 
':,t'" ,or' center of coarse·sarid veneered with fio..er and better"sorted material, ... ', .; ,'. 
; - as indi~ated ~by this ' sample.' ,; .. ,. ..' . " . , " .. , ' .," ' .', 
Sa11~pl; E,-Ari~ther bar deposit'::btit con;ider~bly' older' than\' the last ' " " 
flow; as seen'· in the 'photog'raph~ ' the position" of E is at the top of ~ 
terrac·e.: At the' time' of.depositiop. this was a part of the .main ch~nnel 
'thougit slightly to the left of the ,strongest current. 'The Coarser ina; ' 
terial was spr~a:d to the left in a'·manner. ,siniilar to the con~liiions by 
whiCh sample A was formed. ' The streani ·did not maintain tliis chan-
nel ~ery long bilt owing to influences ' ~ps.~rearri . was shifted .to ' the 
right. . ..,. .' ,~ " ,. 
, ,; r ,', ' f. .' ' '. , ' • 
. Sample F.-A coarse sampl~ from 'a wide fanlike deposit , below,the '·< 
, break in the stream b~nk. This break simulated a ~evee b~eak ,iTi a 
I large ri~er at flood 'time. The water,s spread ~apid\y and deposited the . 
major part of the load 1;lear. the break" the coarser 'particles being car.-
ried to the .outer edge of the fan~ ' Study of the"ph'otograph '(Fig. 10) 
will show the t:emnants 6£ this fan after dissection by a y~unger channel 
: : near G. . 
.. Sample ; G.~A bar d~posit, the sample taken from hear . the inside.' 
';,b "~:; .. " : edge, the stream tending to sJip off to the right bank. . :rh~ rdation:s 
• ''j,;'" " ' .. ' ar(!' vet:y much the sa~e 'as in samples A, .B and D: " . 
';~~:, ",. . S~mple H.-:--An old bar deposi't of one of the ' early chanl1eis: ", T.h~ 
, ~;' . stream at tiqie of ,deposition had a large volume and was eioding, , 
". ',": I "~igor,0ttsly a large bank that included muth very coa~se ' sand and c.ort-, .. 
. ~.. .' . .... . .' . ~;4'~\'-:sid~rable ' loe~s . . The point :of erosion .was at ' a · sha~p b"end 'il1 the , 
.: 'stream,' and the.: p~r was deposited just below '~n the ; t:raigh,t p~rt 6f 
',' the ch~nne]. ," ." ,.", '.. ;. .. . .:,' ." 
"'The ~ va;iety ' of '~nalyses ' is. intere'sting'; ',cettain types 'ar'e readily 
.... , _r~co'gni~ed, an~ ' in general 'there ate certai~' p~rsisterit featu'res . 
. ~.;::. ft~:, '~: ' .;, , -:~.. '\' . :.~ . , '.: ,\. . '~<.. , .' : .... "..' , ~ • 
'. 
, "'""," b~r' depo~i.ts as ;hQwnpx s~mples 1\',: B, D; :,E and G hav~ several 'PQi~~s, 
"; ';"";' ·'-. in "cQIT.linQn~'·, The maximutTI ' occurs ' in ' all cases in the 0-~. mITt . 
• :': .. ' " ,~' giiade "and ~lthQug4 it r<,ll1ges frpIT.l ' 44 Per. cent to.' 51 per ce~t the 
'.t~', . '~ ... 'iyerag~i~ 5,0 per', ·cent'. 1, .. .The' prinCipal ' si.tbsldi~y' gr'ade ' in all ,fiv.e 
., .:;: "> s'peGimens, QCCtl'rs ,in the 1'-0 mm .. range, and in all , cases there is ,a 
'i/::': sh1all'e~ subsidiary, grade , in .the ,y,;,-1~8· n1tn,. range. , The ·secondary:. 
'1 -,.' .,... - '. ~ " 
.. ··'maximtiin , m:c1:lr~ inth~ l/16-l/32 mm. , grade; . The exact. prQPQr':' . 
{:~''.tions <,lte' ind~caieel best ir). ' ~a.mple E. " ,,' .,' .~. ", ' 
\'~. ''''''Speci~~ri QJ s. decidedly~rilik~any of.th~'. Q*~rmtit~riak Inspe<,:- ' .. 
<,·ti~n .9f figure : 40,;sq?WS , t4~t, C)s In,,,the positiop Qf ' the last ' ~han~l~l. . , ; ,;> 
, ." d' .'7":,. ~The "~x:trerne CQ,a.rseI:1ess Qf the sapJple andthe'apparel1t lack <1f sQrting : l 
" ,"', ~. ; , are probably due,: in part, to the general lack Qf fine' materials and' the ' 
",'l'1' i;' ,'datching'~'in )ti1e 'rQ(lgh· 1i'.regular 'bed ,0.,£ nl6te l,arge g'nlins' 'than , usuaL 
';,' ;'$:~'" 'P~s~rvatiQns made'.white the stream was running:demQnstrated clear ly 
".~, ' '; "i--.,that the ' larger gr:ains :were ,being 'transported' frQm 'tile upper ~purces ' 
.. '" ~':'~ ,?~'," aria because of irregularities' in the bed becari1e ' l~dged ' at tlii~ . PQi~t. 
, . .' " '- The large grains' which , wQrke'd IQQse were carJ:ied awaj and were' 
'deposited anhe edge' Qf the- ,drainage b~sin .' The main., PQrtiQI;l Of th~ 
~n('!r grades' was carried by the weaker ~tirrents 'to. the left and de~ 
.. " posifed ' Qn the bar PQsitiQn Qf san1ple B. 
~ :'< , ,:~}~,:' "" S';.t11~le, H d~es riQt~Qn~~rtp tQ:,the bar ' depQsits fir~t described, aI- . 
1 ':~'>" ",' "~;""~ tnQ~gh 'It came frQm a pOSItIon whIch prQbp.bly at Qne t1111e represented . 
'. ,;,' ;':~ :~~, ~,~: a..ha~ in the ,channel near the SQurce Qf the stream and just 'belQW a 
,:,\~), \ ' :;;. !).<l:?k in.t~e' pr~ce~s Qf erQsiQn. At the time the, s!imple was t~kenthe ' 
': . .; ',. positiQn' Qf H wa~ that Qf a highterr'ace and 'the CQurse of the stream 
, "'llad ;beenphang~d. gr,eatfy. The high percentage Qf CQarse materials 
, , ' ,,' .,' '. ",~. , ','. ~" , . ' " . I 
,~ab9ve the :0 . mm; grade prQbablYls the ' result Qf a ~resh lQaqdepQ~ited 
,.~ ~~;.,,~ ;. i'j~st arQund th~ ' ~end , ~rQm the ' cut bank or PQint ' 'of Qngm Qf the 
:~~:' ,,;;. ~Qq."fs~ grains . . The' presence of rieatly 2(" per cent in the: silt ',and clay 
':/'~(: grades 'i~ the result df erQsion Qf a: IQe!is .bank adjacel;lt to. the gravel 
. , "Jl;: ~ ' I?~rik' ag~fnst which ,th,e , ~trea:m 'Y~s cutting,_, ," " ",:~ ,',.,,' ,~N 
,,:"J(,:" ". Sa,mpleF is anQmalQus in the fact that the 'tmijor grades QCCUr, in the 
... ",', l ..-;0 mm.' grade, ratl),er: ,thari the 0-,.%, tllpl.<grcide as seen iiJ· tlie ,'ot~er : 
;~ speCimens and in that the principal subsidiary grade is in th~ 0-% min. " 
""r \ ~ "". . ... ' 
, , ange, Qr ', below- the ,maximum gradl'!' instead Qf abQve it. The large 
,,I; , '~~~€Qnda~y maxifuum in th~ 'silt gr~d~ is in,'part '-d~e to. the fact' that this ' 
··)'. ~~~ple .. ,was !lQt .~':laly.~ed 1;>y subsidai~Qrt. ~he deposit'Qf this ,mater'i~l , 
J;i:',',::;: ,> ,'.. '., . ';.' . '.' " • 
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followed a break "in the levee-like bank through which the stream cut. 
The channel shifted immediately, the stream spreading out and de-
positing its load abruptly in much the same manner as an alluvial fan. 
STREAM TABLE EXPERIMENT NO. III 
In the previous experiment it, was observed that large coarse grains 
of sand tended to move farther downstream during a given period of 
time than the much smaller grains. At first it was thought that this 
observation did not fit with the genera) conception of the size and 
amounts of materials carried by a stream of given competency. In 
order to study this action more carefully, the writer constructed a 
meandering channel of plaster of paris set in a sand mold on the stream 
table (figure 43). The plaster of paris was allowed to set and dry 
thoroughly and later given several coats of shellac. A small amount 
of fine sand became mixed with the plaster of paris when the cast 
was being poured. The sand added to the roughness of the bed, which 
had an even gradient or fall of 2 inches in 10 feet. The length of the 
channel cast was 14 feet. The velocity of the water at 1.5 gallons per 
minute was 0.9 foot "per second. The volume was varied for different 
parts of the experiment. 
A washed river sand which had been screened to remove the very 
coarse grains was used in all parts of the experiment. 
With the solid bed and sides no material could be picked up by th'e' 
stream, so any sample taken from a channel deposit was a true repre-
sentative of the material transported from the source, and any sorting 
that occurred en route was free of outside contamination. An average 
of six samples taken from the source materials is given in Table III 
in conjunction with the tabulation of other analyses. 
Samples were taken at various points in the channel "where the bars 
formed. Figure 43 shows the bars after a 30 minute run. The points 
of curves are numbered downstream 1, 2 and 3, and the numbers given 
to the samples refer to the bars which formed in the straight part 
of the channel just below the curve points. . 
Numbers 1, 2 and 3 of Table III are the analyses of the materials 
deposited below the curves after a five minute run at average velocity 
and volume. This time period was sufficient to form bars large " 
enough to sample. A very small bar formed at the point of curve 3, 
but the amount of material was less than two grams; the dozen or so 
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FIG. 43.-View showing the position of ba,s after a run Qf 30 minutes in the plaster nf paris 
. channel. 
~NALYSES OF SEDIMENTS 
.' grai'ns which :' came: t9 rest at ,curve .3 ~ere almost entirely of th~ .. 2~1 :.~ 
. : mm. grade. ' . The 'three ~dalyseS' ( 1; 2 ani 3) "0'£ the ' material' deposited: 
. ,d~ring th,is' short run show' without ciue~tl0n that the greatest concen~ , 
. tration of the coarse, load during any defi~ite time period occurs do~~­
stream.· The source material f~d to the .stream was h~ndled quickly by 
! .:::'. the . ~u~rent, an~ QY di:re~t'ob~ervationone sees the rap,id~ransportation .. ,; 
ti ;,.' ' of the largest par-ticles and. the slower b.,ut more massive ·movemen~ of. . 
, .• :;,t:, '. , ~he .finer materials. 'The rate of movement of the large grains. 1S 
:"':;, ~~;,; almost t1).at of the flow ~f the' stre~m, 'a large grain reac;hing the end , 
• ""'-'to" of the channel in 18 seconds 'after the material w'as -fed at the ' h~ad. ,', 
.... l ','.',. ,,' ; " h ~~ ..' • '. • ;, ': '" •. r ", .' " ' , i;:'f~' :. The velocity"of 'the wat~r" \Va$16 sw?nds ·fOr the l~i1.gth of the chanvel.::, 
. ~.., J: , ' , .~ _. .' 
~ TABLE III 
'. ~ Mecha,,,ical A1taly~'es' for Experiment No . III .~' i~~~! I . A , 1 ? 3 4 S ,6" ,.7 8', '. 9 '~ 10 
, 2-J .;" . .. . '" .5.0 0.2 1~:2 33.4 ~'· 0.0 ' 1.6' . 18,1 M . 8.2 . 6,8 5,2 
.j '.' '- l-~ , ,J.' , :.. . 35,0' 23.9. 58,1 ' 55 . .4 - 8,1 , 22.3, 40.4 43.(') 51.7 37.2 '3S,l 
, ~"""" 46.5 70,9 . 27.2 8:0 · 70.8 70.9 ' 40.1 43.9" 36.2 .47.9 55.2 
yg . ! • ••• :. Kl , 4.5 ' , 0.3.,' 0;3 ' 21.1 4.5 1.0 8.3 3.1 ·' 6.8 " 1.3 
n .... ... . ' 1.2' 0.4 0.4 , 1.1 Tr . 0.4 ' 0.4 0.3 OA , 0.5 ' 0.2 
Pan...... '3.6 ,0.1 , 0.8 ' 1.8 ' Tr , 0.3 0.0 0.3 Q.4 0.8 , Tr 
. --( ' - ,- -, --' -' -- --- --'-' --, ,--'-, ' -. -_ .:.........- -' ,-.- ' 
. ' ... 100:0 100.0 roO.O " 109,0 100.0 ' 100.0 ,100.0 , lOp.O, 100,0 .100.0" 100.0 
: "A: Aver~g~' of six' ~a;;'ples ~fsoutce , s~nd, .'.:; .' '. " ":: , ' 
First run: Ayerage l' yolume "I'd velocity, 5 minutes run to .form bars. " 
1. Point of curve 1.. ," ' 
, 2, End of long bar below curve. 1. 
'<" 3. Below point of curve· 2 : 
Second run. ' Low volume, IS· minute p~riod. 
4. Bar at point of curve 1, , . 
5" End of long bar' below' cutve' 1. 
; 6. ,Below point of .curve 2. > 
Third. run. ' :High volume, s\tort period 5 minutes. 
7. Point of curve 1. . 
, 8, End of long 'bar below curve I: 
9, Below point of curve 2: 
10, At end of challnel. near drain . 
The first partiCles to co~e to rest at any of the site~ of bar forma;-
" tionwere the ' large 2-1 mm. grains. The b~s " contlnued to' grow. ~$ 
.• ,:;, more of these grains moved down' the stream . . As time elapsed it wa!!'~, 
" noted that'some of the large particles ~ere' carried out ~f the upstream ,' 
' bars'and 'passed down to the next bar ot: continued farther downstream~ ' 
~,.:,' ,At the same time the intermedi~te ' grades were mo:ving froni .the source ':: 
~;f~:)ari9: co~etiI)g, the upper part ~f the original bar of coarse gr~ills' that 
::remai'ned upstrea~. . Thus the final bar ' included a ~llcJeus of co~rse . 
~aterial cove~ed with the· finer· gr~des.' ' Comparison of analys~s 1 and .", J 
,:,,,;: '} illustrates ''clearly ' the rt;sillt. Number ' ~, d9se to the source, qad, 
:,: iQstmost '01 . th~_)-1 ' mP,1.',grade and retai~ed a large. p~rt qf the 1:c0 , 
l>.: .' m-m:. gra&~ l but liad. an e~cesspf 'the 0':-~ 'mm: 'gtade:' Sample number ' 
~'( :." ~. ,'..~. a ~.t ~' .'. ~ ~ ~ •• ~. ' 
~t:,' ~ i j , 
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3, fi-om just below curve 2, shows a high concentration of the coarsest 
grains of the source material, one-third of the total sample being of the 
2-1 mm. grade, and 5S per cent in the 1-0 mm. grade, with very small 
amounts in the four smaller grades. Sample number 2 helps to ' check 
these statements as the analysis shows clearly an intermediate position 
between bars 1 and 3. 
The channel was cleaned of all deposits and for a second run new 
source material of the same 'average composition was added. A stream 
volume of about one-fourth that of the first run .described above was 
used. The analyses for the second run are shown in Table III as 
numbers 4,5 and 6. 
The action is almost identical with ·that of the first set-up, and direct , 
observation shows the quick movemen.t of the large. particles, their 
early concentration in bars, and finally the slow advance of the smaller 
grains. I All movements were retarded by the smaller volume of water, , 
so the water was allowed to run 15 minutes. ) 
It is importan~ to note that in both set-ups no movement of fine silt 
or sand was observed beyond the bars where it appeared in t1,le analysis. 
In other words, the writer was convinced that the concentration of 
the coarse grades downstream was not the result of the finer grades 
having been washed out, making the coarse grades lag materials. 
~The third run followed a complete cle.aning of the channel and adding 
of new source materials of the same composition as used in the previous 
runs. The volume of water was increased to double that used in the 
first run. The results obtained in the third run were nearly identical 
to those of the former runs. A fourth sample, which also indicates 
the concentration of the coarse grades downstream, was taken in the 
last run. 
The effect of velocity and volume of the water, or competency, on 
its power to transport grains of known sizes is indicated clearly when 
the three runs are compared. The first run, or that with the inter-
mediate velocity, shows the greatest concentration of the large grades 
at the point of the second curve, or the farthest point downstream 
analyzed. The doubled velocity did not result in a greater concentra-
tion of the coarse grades, as might have been expected, but instead, 
caused a movement o~ the source material in almost exactly the same 
proportions present in the material fed at the source. The low velocity 
and volume did not cause a complete abandon~nt of the coarse load 
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nor a large increase in the fine grades. Instead, there was an increase 
in the intermediate grades transported, and the movement of the coarse 
grades in greater proportions than contained in the parent sand was 
continued. 
In a natural condition it is true that local contributions from tribu-
tary streams, bank erosion and slope wash may mask the range of 
materials which are being carried through from the headwaters or 
from the parts of the · stream which are carrying the heavier loads. 
The material normally studied is the net result of all of these factors: 
When it is possible, however, to distinguish mineral or rock con-
stituents and trace the source of these particles, then it may be possible 
to use th.e information gaIned from these experiments. 
The "peanut" gravels of the Dakota stage of Montgomery county 
in southwestern Iowa and east of Louisville, Nebraska, along Platte 
river, ' contain vein quartz, quartzite and brown chert pebbles. The 
writer believes this material was derived from the land areas to the 
north and northeast in parts of Minnesota, Wisconsin and eastern 
Iowa, and that the streams at the time of deposition had their mouths 
relatively close to, the places where the deposits are now exposed. The' 
pebbles are all well worn and very few have prominerit elements .of 
angularity. The. pebble , beds do not represent fresh materials con-
tributed as · the result of short transportation from a newly uplifted 
area but are constituted of materials which have been carried through 
from . a long distance and concentrated during transportation. The 
thicker beds are indicative of major accumulations from the principal 
or main channels. Where the gravels occur with lenses of finer ma-
terials, as at Coburg, Iowa, the competency of the stream probably was 
increased . 
. In making interpretations of mechanical analyses or of the textures 
of sands which have a concentration of coarse materials with the fines 
lacking or, of small percentage, the statement is frequently made that 
the fine grades have been carried out and may be found farther from 
the source. The writer believes this statement may be true in some 
cases, but he believes also that there are cases where the fines may be 
found closer to the source, having not yet reached the site of .deposition 
of the coarse sands. 
The writer wishes to a~knowledge the assis~ance given him in several 
". - Appendix A •. ~;... ~.,I:( 
Laboratory Methods Used in, tpe' Analysis of Da,kota S~nds , 
~ ." . ~ , . . 
>, '" The .' study of ' ~ny stt:a:tfgrcipJj'ic sequ~nce has f~r its ' purQos~, ~ven' 
i . i though it may he .us~d corrfrri~rdally, the increase of know'ledge cq'ncern- " 
"':'\ '" j'~g, tpe 'tocks: in~olved: Such an ,in;creasein.,lmQwledge ' wilt~ltimately , 
'~ ,\;~ ,,':: ' ~mpFPv~ : t~e "chaiacter' pf ' thein.terp,retatioiw p1ade" concerning : these ',.' 
v):. .:,'.~;':~ ;"':J rQcks ' and; therdore, yield , ~ ' truer _ picture ,Qf their; 'histQry. ' To'ac- ,.'; 
, "" " . compli'sh this .end careful field observations must be, made; and nQtes ' 
. rollst be taken of minor 'detflils ;:,lnd variations Qf texture, cross-bedding, 
'ripple inar~s, concretionary ZQneS, gradatiQns Qf cementation anp any: 
"other prominent lithologic,;'features. ' Also., it is nQW -re~Qgnized that ' 
, Qther ',feature,~ Qr" the r6cks a.re be'st under~tQQd after a , cQmplete ' 
, , , analy~ica,llab'oratQry s'tudy. The degree Qf predsiQn' and cQmpleten~ss 
,-'~ ~ Qf this study may v~r~; CQI;lsi1~,r~bly -to. ~uit the prQbJeiU. ,' ,A~ the be~ 
" 'ginning Qf, the study, when the 'PQssibilities 'are unknownQr 'uncertain" 
, the work should be thbl,"ough. One f~ctor Qr s,et ~f , anaiyses may 
yield results in Q~e 'study while other ' s~ts Qf ami.lyses · may be mQre ' 
valuable in Qther wQrk~ , ' 
Sedimentary rocks have been given so. little careful analytical atteI).-
tiQn that little is knQwn Qf the true valu,e Qf mechanical, ~ineral and 
shape analyses, cQntempQraneQus structures, alteratiQns and CQncentra-
tiQns Qf 'minerals. An effort has been made in the previous chapters , 
, , to. 'interpret findings Qf that nature. When mQre analyses ,have been 
tbade, and compared, with ~Qme experimental~prk to. ,check the inter- . 
pret~tiQns, with ' mQre Qbs'ervat~QnsQn present day envirQnments" ~uchJ 
cQ~c1usi~nsca~ ,be:made and used w\th greater surety. ,FQr the pre,s~ni', 
• it is, well to. make labQratQry studies and recQrd the QbservatiQns fQr 
" future' int~rpretation ~r cQmparisQn with' later wQrk Thcf data shQuld ' 
be , obtairt~d in a qua~titative .. form to. be, of cQmparativ,~ value. 
" In the "~tudy Qf the Dakota r~~s, bQth in the fi~ld and'in the labQra..: 
,to~y, 'the need fQr quantitati;ve data ha~ been recQgnized . . · Tdaid others ' 
, ,in simj1ai 'wqx:k th(! methQdsus'ecl by tru; ~riter instu.dying the 'DakQta 
~~,>, ·' , :r.qcks~ ~nd n?w , g~n,eran~\,~&ed' in ,thes~di1n~ntatiQn ,lcibqratQry 4t the . 
:rJ lJ.~iversity of, ~6,wa; and ,SQme of the steps in the p'rQcedur~, : are, shQwn . 
1" "'·1 .,~."'> P , I • '.;.. • , .f.~ 
... '-', 
" Ot,tli~~' of Analy.t:ic,~l Work 
Sampling (Field) , ' , " ' " ' " " 
L ' Single specimen } V. t' 1"" d 
2.'-- Composite specimen , er Ica , a~ , , 
J, N otebqok, sketc;hes and diagra~ns of textures, 
bedding " ,', ,." " " 
"Spliiting:,salI)ples for ,analysis: (Fidd"l!nd La,b,) 
PreparatIOn of samples (Labor~tory) ' " 
L Crushing / ,,'" 
,.Qay, sha:te, silt, ' limestone , 1 
, Cleaning ' , ",' ," "', 
, ',' :, ': ,::Fer.r}lginous; c1ay'ey anddirty sapd~ , \~ 
, :~" '~ .. 3:,." Freeing.of 'cement J, ",; ', .~' ",~", 
. ,.D. ' .. Mechanical analysis '.', \".'" 
" ': ': I" 1,"'!nspe,ction' of s,al'Il;ple ' ' . 
: ' 2. , Sub.s~dation · ' 
. . 3. , . Sieving' , 
; \, , Sc~eens ' 
, , Mechanical shaker . 
Cleaning of screens 
4. ,; Filing of separates 
Mineral separation ' 
: L $election of grades 
,2. Electromagnet 
, 3, ' Heavy liquids 
, Evaporating dish 
. . ' Separatory funnel 
!. >,; , : .' ,Centrifuge 
, , 'F . '., Mineral 'determinations 
~.' <':" i;: ' 1. Binocular microscope 
. • .... ;.:' .' Sight recognition 
• ; . ¥icrochemical tests 
'2. • Petrographic microscope 
" " Immersion in index of refraction liquids 
,~::~ ',. : Determination of optical properties, 
n,; .; Refererice to· tables based on refraction 
, ,'. : .. ," . ' re,lation, optic sign, pleochroism; etc. 
'G.Shapeana)ysis • " 
, 1, 1;,( Comparative, method ' ,, ' 
"" '2. Quarititative measurements ' 
't,,\g. , 'l!~rting, 9f 'results : :';":/ ,'"" 
-:~~\. I' .. 
304 PREPARATION OF .SAMPLES OF BEDS 
by limonitic iron oxide or calcite, small hand specimens containing 
two or three hundred grams, taken across the bedding or parallel with 
.the bedding, are satisfactory. When a, composite specimen is desired, 
the face of the exposure is cleaned with a hammer, and then the fresh 
, face is cut down carefully, catching the rock fragments in a small 
hand scoop, care being taken to cut off the same amount of material 
for each unit of the vertical face. Usually it is good practice to take 
a large sample in this manner. and tqen qu~rter it to the desired amount. 
Of equal importance is the care given to the explanation of the posi-
tion in the rock ledge from whilih each sample is taken. If a sample is 
taken from a single foreset zone or from a portion of a ripple zone or 
a mud crack filling or any such position, a brief sketch should ,accom-
pany the sample so that accurate interpretations can be made from the 
mechanical analysis. In the case of composite samples the notes should 
indicate the nature qf the bedding and texture of the zones included in 
the sample. Wentworth!55 gives other detairs and precautions for 
taking samples, methods of labelling and other miscellaneous informa-
tion. 
B. Splitting samples for analysis.-It is especially important that 
the specimen be carefully divided with a good type sample splitter, 
as any other method of choosing the right amount for analysis does 
not yield accurate data. 156 ' 
C. Preparation of samples.-The majority of the samples of the 
Dakota stage which could be handled for a mechan}cal analysis con-
tained so much of either clay or iron oxide that it was necessary to 
give them a thorough cleaning before making fuitheF studies. In the 
case of the friable sandstones and siltstones this cleaning: was ' ac-
complished by washing in distilled water, or water condensed from the 
steam pipes of the University heating line. The washing process con-
sists of boiling, deflocculating the clay by the use of sodium carbonate, 
shaking in a cylinder until thoroughly mixed and allowing the coarser 
grains to settle for a five minute period. The material left in suspen-
sion is then siphoned off and caught in a beaker. The sand in the 
cylinder and clay in the beaker are filtered separately, dried , and 
screened. I f the amount of clay and silt is less than 10 per cent it is 
15' Wentworth, C. K., Methods of Mechanical Analysis of Sediments : Univ. Iowa Studies 
in Nat. Hist., Vol. 11, No, 11, N. S. 117, pp. 9·17., 1926. 
156 Wentworth, Idem, pp. 18-20. ' 
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not separated f~rther but shown in the analysis as the minus 1/32 mm. 
grade. 
The f~rruginous sands had to be treated with acid before any type 
of mechanical separation could be used. The common procedure is to 
use a 15 to 18 per cent hydrochloric acid solution with about 10 per 
cent of dilute stannous chloride. This is very effective in removing the 
iron oxide. Some of the ferrous iron goes into solution in the dilute 
acid and can be washed out or filtered. Usually the balance of the iron 
oxide remains as a feathery flocculent. When the specimen is free of 
acid this material can be put in suspension by adding sodium carbonate. 
The material is then siphoned and the residue remaining in the bottom 
_of the cylinder is filtered, dried and analyzed. A clean white sand 
results. ~his method has been used with practically all of the sands 
of the Dakota that have been analyzed as there are very few which do 
not contain iron oxide. 
The few specimens cemented by calcite were dissolved in a dilute 
hydrbchloric acid, washed free of the acid, filtered, dried and analyzed. 
D. Mechanical analysis.-The procedure followed is similar to that 
described by Wentworthl57 but with several modifications to fit the 
particular samples. A mechanical shaker was used and each sample 
was given a ten minute period of shaking. Considerable care was 
exercised in cleaning the screens after each analysis, and two sets of 
six inch calibrated screens were used for this particular work. The 
clean sands, freed of iron oxide, clay, or other adhering materials, will 
pass through the sieve with less material sticking in the mesh. 
The method of suosidation used by the writer differs somewhat from 
the method of elutriation described by Wentworth. IllS Directions for 
analysis 'by subsidation are given below. 
A. Preparation of specimen 
1. Crush carefully to a practical size, without breaking the granular par-
ticles. Roll with light metal roll on glass plate. 
2. Weigh carefully on triple beam balance to 0.01 gram; 10 to 15 grams of 
clay', shale, loess, or silt is ample; limestone or other soluble samples 
demand 40 to 50 grams to provide a sufficient residue for analysis. 
3. If materials are calcareous and the percentage of soluble material is de-
sired, .treat a small weighed part of the specimen with HCI; boil slowly 
for 3 to 5 minutes, or until solution ceases. Filter afte.:: moderate cooling. 
4. Mix specimen (not acid treated) with distilled water and heat slowly; 
if the clay does not stay in suspension on cooling, add one-half to one 
gram sodium carbonate to aid de flocculation, then heat slowly until all 
but coarse grades are in suspension. Allow to cool to room temperature. 
151 Wentworth, Idem, pp. a)·3S, 39-43. 
158 Idem, p, 39, ' 
.. .. 
:Se'parationby settling " . ' 
L · J:'04r preva~ed ~aterial. into .. graduated . ~yli~deli' . and fi'll )atter , y.rith " dis-
, tilled water to heIght of ISY. mches. , . " , '. , . . 
2. " By closing 6pen end of cylinder with palm' of hand, shake the liqu,icl well, 
, '. seeing that the sediment is, well toward top. Set on table and allow to 
, '. ~ ,,&,ettl~ , without jigjtation ·for 5 mimttes. Time with a stop watch. . 
;,' ' .3. ': Inse.rt siph6~ .tube 'carefully an~ s.tart siph<;l0 acti.on. at expiration of the 
, Ve • S-mmute penod. Collect :the lIqUId thus SIphoned m ea 1,000 cc., 'b~aker 
, ', with a depth of Sy. inches 'to S~f inches. (See 7,) , .. 
'4. After a : ge~tle ag,itation of liquid obtained.; in (3) allow. it to sehfe 
, ... millutf~, again usillg" stop ~atch for' timing'. , ,'-, ." ',: '" 
,$. At end, of five,-minute peri04 noted in (4) , sipPoD carefully' with a five~ 
': inch glass siplion tube into ' another 1,000 cc. beaker. '. This liquid just 
siphoned ' i,s ali owed to , settle'!lS"minutes:, , '\ ',,' 
, Siphon into sink the.Jiquid ob.tained in (S), at .end' of IS. minutes. ' . , 
,,7. After 'cO!llplding ' (3) iheresidl!e in the cylinder ,should be washed again' ,,. 
, with ' distilled w/!-ter by fi,1!ing to ISY.-inch level, sh¥ing: and ' allow.ing .tq. ' , 
',_ , settle. ! .' . ,. '" . , .. " 
8: , The operation in' (7) starts a' new series usually ca1led 'the '''second pe-
'1 riod" which is sit:nply a repetition of the steps outlined in ~, 4, S an~ 6. ' 
9. Repeat 'to third, period : o~ settling, and if liquid in the ISY.-inch, coll!mn , " ,'; 
does not clear immediately after shaking in third period continue to fourth 
.. or mote periods as 'deemed' necessary, ' . 
10. ' Weigh , to 'nearest 0.01 and faQel, completely .... filtet .. papers· to receive 
,. various !£ractiorls at end ,of settling. ..', ' ". ' • ." 
11." W .ash final settling pt:oducts into r:espe~tive filter papers: ,' .' 
12. After complete filtering, place "filter paper with' residue in oven to drt. 
, After"2 or 3 hours drying at ,SO to ·90 degree,s ' c' 'remove ftom, ov~n and 
allow to coolon protected shelf; ,Then weigh to 0.01 gram on labOratory 
bala'nces. Sllbtract weight of filter paper fr.om grq~s ' weight . to ,get , net 
'. weight of ea~h grade. · , :'. , ".,. 
SUPP.LEMENTARY NOTES: '" 
1\. Cautions(Referring:to ' llu~bers above). . " " 
(AI) Irt the case' of a '~fine-grained'se<J.iment much . car,e must Qe exercised ~o 
, prevent' fracturing ' grains. If 'possible break ,with fingers or allow to 
stand in water , over nigh~ to aid separation. In Some cases, e. g., a 
'ferruginous sandstone, : the specitllen must be boiled in acid to perfect · 
granular disintegration. 
(A2) 'Usually a smaller 'amount of fine materjals will suffic¢. However, ~ 
, ', careful the coarse grade does not fill the bottom of the cylinder to tl'ie , 
level of. the siphon tube. ' 
(A3) ~f it is necessary to use the acid-treated sample' for 'settling analysis 
be sure to wash out all the acid during the first ,filteri,ng, process. 
(A4) Use a s1!lall quantity 6f sodium carbonate. An excess '!Day cause a 
reversal of action. If tqe liquid is toe warm cO,nyection currents may 
, prevent ' settling of particles ,desireq. ", " ' , ' '" :', 
(B3) -Be carefui of time periods. Do not undertime. If, the period is a,llowed 
, - to run overtime, the error may be co-rrected by washing and siphon#ig , '. 
a'nother period. 'An ' error of 'Underti111ing canriot be readily corrected. 
," Use ,care that end of siphon does ncitdisturb the sediment in 'die bot-, -
, , 'tom of the cylinder: ,'~;' 
" B
1
.' ~ ~e~u~ts !'.' iF" .,.' " ,;.l .'\ '. ~ .~ .. 
, (a) ,The sedifuent which remains , in the ,bottom of the cylinder after die , 
. . .numerous 'periods of washing has .a settJing rate of 1's inches in 5 minutes 
" or, faster, ' This, corrlprises the, 'mate'riais n mm. artd ' larger in diameter . . , 
El:» The, m;lte,rial .which settles to ,the bottom of the first beaker (See" B3 
above) has a settling ' rate of S inches iIi. S· minutes or i ust. ~ that in the 
. 'tall cylinder. This beaker contains the 1'64 'mm, grade. ' , ' 
'~; .. ' ,:' .C'· ":, v", , '," .... , •• ~." , 
'( c) The second beaker containing the siphoned product of (b, has a wat~r 
, cQlumn of 5 inches" henc,e, a', &ettling period of .15 minutes 'is necessary: ' 
The sediment whicli is retaineQ in bottom of beaker is the 1128 niin. 'grade. " 
( d) , ,The liqqid siphoned to the sink in tlle last process ' repr~sents everything ' 
smaller than the '1128 mm. grade. The quantity of this grade is determined 
, bY ,diffetence. '. " ' - , , ' 
(e)" Frequently.' tbe 'amilysis is carried only to fl;1e second, grade; that .is, the 
1128 , mm. grade is not determined, but lumped with all other ' fine grades. ' 
" , This depends on the ease with which separatiop of particles and deiloccu-
-t', . lation is attained and th~ importa:nc~ or abundance 9f the finer ,grades. ' ~ 
, h.' ~;~(j~)~>':;~;';'+: The ;ettling ' r~ti6 'oi 3 is 'nea~ly constant.f~r 'the range 'beiwe~n 1/16 
,}~;~..,; ~l'~t '''':, and 1/128 ,mm. B,elow' ox; ibove these 'sizes the, ratio may v'ary: ' 
: '~>;y" '~':"" Acc~rding to Stokes' law: sman Eartic1~s ' i~IJ in a'coh.tmn of water with,' , 
{/'.~, i~ v.elociti~s 'proportional \0" the squ9-r~ ,of ,their, diameter: Ex.pedments ' 
;f ';a , . • ' with var:ious distances of set ding' ,and micrQscope measurements 'of the 
. ,~f~}, '~: ~ i - ,-different separates has shQwn 'that the particles which settle 5 inche~' in 
,; ': :~ ::,' ,;~":'~:!':'<>t .:5" ritinutes are alrri9st exactly one-half the .diaI?e~er of th~s~ which ', 
, /"j, ~: -': settle .15 inch€!$ ih 5 minutes. The same ,ratios appear to hold for 'a 
,-" ... . third ~maller grade. It 'is .true that careful work, is essential to hold 
, the grairl sizes ':within the limits of the grades ' desii,ed. 
E. .Mineral sepa:tation,-l. El~ctromagnetic separation 
The sands of the Dakota stage contain very little magnetite or,other 
moderately magnetic minerals. Attempts have been made to separate 
"the minerals contained in these ~~ndS' by the use of a strong electro'-: 
. magnet. " A magnetic separator based ,on the principle of the Ding!!-
,~, ~.~ . , . 
'tvet separatot: w.as designed by .the writer' and made, af ·the, University, 
'" ,,::. ~ of 'Iowa', and serves satisfactorily for the ' average' separatio~:' The 
, ,~e",~~4,:, ,.;;::sand i~' placed in a long tube filled with water. This tube is set between 
",,' :the.' p61~ pieces of the .magnet and, irioyed back and -forth aloJg the axis " 
' ;', : bf the t).lbe' to llgitate th~ , water and to, 'keep the ' grains f~ee. With 
- ,varying amounts ~£ ~lectrk qtrrent dif(erent minerals are held against 
" t~e glas·s ' of , the~ tube.Th~ writer, h<!-s not yet Q~e~able tq ,calibrate 
,'t~e iristrument other than to effect ',separations (jf magnetite, i1tnenite 
and. glauconit~ from the otper minerals in the sand . 
. Th.¢ eJectron;tagnetic separat9r ' may .be :,us~d , in " conjunction , wi~h "a 
if" calibrat~d ' tube, suc~ as 'a quantitativ.e cehtrifuge tube, to determine 
,<,' -~'th~ v~lume of ' magnetic substances in a Jdo,se 'sand or crushed. sample. 
~':'~"ti;/ 46h~sbu'159 appli'ed thi~~riIetli.o9. to det~rtnine.the amount 01 <;'as~ng scale 
~:~:-~ 'in, we.ilcut tings, which in ~;n aided ,in correlation of water ~ones. " 
,-" - l ' ' . 
. ;,,;\ , 2. ,. ~,ea\'Y liquid separation . " 
, " ", r.. , ' 
;"" ~I " I • 
:',)) ) \iIl'Johnsort •. H , U: . COrrelation of " i;"i~e e)i!' Wells ' in T~*as ; Voiy, 0:£ Tex~. Bull. 3001., pp: 
'~, 139-14Z. 1930; and .unpublished thesis, Vniv. of Iowa. p. 6. 1'930, " ' 
:3~fi~t~;; , ' . . 
.. ".\J" . ..,,-,:>. I: 
'" 
308 USE OF CENTRIFUGE 
Many writers have described the use of the ordinary separatory fun-
nel in making mineral separations in liquids of high density. . This 
method is satisfactory for grains ,ranging in sizes betw~en 1 mm. and 
34 mm. For larger grains and in some cases with grains as small as 
7B mm. an ordinary two inch porcelain evaporating. dish can be used 
satisfactorily. The dry grain~ are pla~ed in the dish, which is then 
half filled with bromoform or any other heavy liquid to be used. 
Usually it is sufficient that the dish be half full of the liquid, but a 
larger am<?u'rit of the liquid makes it possible to pour off the floating 
grains with greater ease. With the liquid in the dish a small amount 
of agitation such as a whirling motion of the dish mixes , the grains 
suffi~iently and will usually free any adhering grains. When the 
operator is satisfied with the separation the light or floating mirierals 
are poured into a filter paper and the bromoform. is caught in a con-
tainer below. This bromoform can be used many times as it is not 
necessary to dilute it with a washing liquid. The heavy minerals which 
sink to the bottom of the evaporating dish and are now free of all but 
a few drops of bromoform are washed to a clean filter paper. Distilled 
. w:ater
l 
or benzol is usually used for this washing process and is caught 
below the filter paper in a bottle and saved for distillation. 
To separate grains of dimensions smaller than 7B mm. the eyaporat-
ing dish or separatory funnel does not yield the best results, as there is 
too great a tendency for the grains to stick together. The small amourit 
of moisture on the grains or the water in the bromoform prevents a' 
complete disaggregation of the small grains. In order to prevenf such 
an occurrence the grains should be dried thoroughly and the bromo- , 
form carefully distilled to drive off all moisture. A clean separation 
of heavy and light minerals can be obtained by using a centrifuge. ,In 
, the laboratory at the University of Iowa a Bausch and Lomb electric 
centrifuge with guard has been used successfully. The centrifuge can 
be used for the separation of coarser grains, but as it takes more time 
than the evaporating dish method, and as the grains do not adhere as 
firmly in the larger grades, the method is seldom used. It is possible, 
however, to determine the quantity of heavy minerals directly by using 
, a calibrated, centrifuge tube. ' 
Brown160 has described the use of the centrifuge in making separa-
tions of the heavy minerals of soils. Brown found that by using a 
160 Brown, 1. C., Jour. Paleo., Vol. 3, No.4, pp. 412·414, Dec., 1929. 
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small glass capsule fused to the end of an ordinary centrifuge tube 
he could make a very c1e;ln separation of light and heavy minerals in 
bromoform and at ~he ,same time recover the grains without contamina-
tion and the loss of bromoform and could thus make quantitative 
determination of the heavy minerals present in, the soil. Th~s method 
was worked out in the sedimentation laboratory at the University of 
Iowa under the direction of the writer. It has been necessary in only 
two or thre~ cases to us~ this method in separating the h~avy minerals 
of the Dakota samples. 
F. Mineral determinations.-The usual methods for determining 
minerals have been followed in the present study. It) s only after con-
siderable practice and accumulated knowledge that it is possible to make 
accurate determination of minerals in a sedimentary rock by the use 
of the binocular microscope alone. It is impossible to differentiate the 
various species of feldspars , amphiboles and pyroxenes, or to recognize 
grains of quartzite and many other clear or glassy types. In general 
,the writer prefers to use a petrograph~c microscope to study the 
minerals of a rock as individual grains or in thin section. 
A common practice is to take the separate of minerals obtained from 
a heavy liquid separation and study them with a binocular microscope. , 
Minerals which occur in large proportions in the separate are segre-
gated and several grains of each are placed in a small shell vial or 
gelatine capsule. After all of the prominent species have been sampled 
in this manner, the work is transferred to the petrographic microscope. 
Several gr;ains are selected from one of the vials and subjected to a 
critical study. ' The grains are crushed, if necessary, and immersed in 
an index of refraction liquid of known value. This is continued..until 
the limits of the indices are known; experience reduces these trials to 
a minimum. At the same time that the indices , are being determined 
it is possible to note many of the optical properties of the mineral. , 
With these facts it is possible to trace the mineral to its proper classi-
fication. The index of refraction liquids used in the University of 
Iowa laboratory are described by Emmons.16l This method of mineral 
determination yields the 'best and most reliable results. ' 
G. Shape analysis.-It· is generally supposed that the shapes and 
surface features of the constituent grains of a sandstone aid in the 
161 Emmons, R. . ~., Amer. Min., Vol. 13, pp. 514·515, 1928. 
, '~:"~":'" ,:.:: .(~,~;' !"" • . ... ~ '.;.. '1' '.. " '. I "':: '. t 
recognition, of the ,environment of depo,sition. More$t~ess h,as 'beeri, 
;:' placea on this criterion than the 'w:r.iter : feels 'is j);1stifie~l. ' . ~t seeins' ,I _ , • 
: possible :that grains , of similar shape ,or surface , characteristiC,s' a:r~ ',".' "1 ,,{ 112; " 
" . ,'~~p'osited by different agen,ts)n:enJ irooments o{ a wide :r,alJ.ge . . H,o~; ',,' .• /. --
'~: ever, in"order to' make the study of. the sediments :complet.e the writer 
f~e1s that it" is desirable to m~k~ -the, shape det~rminations. ' ,', ' 
, ,.' > • • I > '. , 
The majority of the workers hav-e established schemes ,of their own " .. f., 
.- ,,""; and de~~l-ibe ': the grains ~s .";ouu'de<'l,'! ' "w~li~~outid~d,i!:' 'i'sitbro~nd/ ' '::- ,,'r ,}~: ': 
"~""; · ~s1.lbangular, " " ! 'anguiar," ,and ,various' ;ill<:iaificaiions of.. these fer11,1~. :', ";',, "" .. " .. "".,~., .J •.• .! .• , 
:; They . ha~e ~o· a¢cubte, qu~ntitati~e b~sis' fo! ,< c1,ass'iJyi~g ' t~e s,4ape~·~ • 
. - ' " .., . .1' '.. . t . ~ • I ( • . '- .' • "u'.,~' '~~ ':'. into these. groupsl andOit" 'is 'very 'diffiGultto evaluate' or to compa~e 'the 
/. .. ;f." ;;;, ". work of. <;l~f:f;er:ent' investigators. " Some' wo;kers sel~9t grai!1s o~ dif- ,: 
.: <I. ~. : ., ' ferent ,sh'apes, mou~t thein, and use tl1em througho1,lt their particular ' . 
problem to compare with ' the grains of the various sampl~s of their" 
• studies: This ' is satis'£actory. froni their P9int of view, -an.d ·; jn: :,most 
cases: the determinations' made by the i~dividuals' are true to theil! 
standards: ', A 'good 'illttstrat'ion 'of this rrie~h'od may' be h~9. 'in: ~e:work: . 
o{ Trowbridge and Mor~jmote.162 'Undoubtedly, the g(ains ' clas'~ifi~<f .-
. :' , .. ; as "round" , by these 'authors would compare closely with photographs ' 
• ~ l. ':-.:-.",' ,;.'. ",' of round grains!' Howe~er( another ,work~r who ha~ a diffe,;erit J£Hti-:< 
, " . , . c~ption ' of round grains might call such grains ~'subround. ", The ' 
applicatioti is,' of more importance when one is dealing with grains 
which have , some. fre~~ surfaces and :edges but ' yet , have ' undergone ' 
sufficient abrasiop to wear the most prominent surfaces and corners. , 
' Fe·\v attempts 'have been ~ade to measure the amount of abrasion of 
. sand grains and then express the results in a numerical ~alue ' S9' tnat ' 
any' stated value would fall in its proper place. Arbifrary divisions ' 
pla~ed in these numericar values would give ' the basis for the use of 
" SU~9 terms' as "rot~nd; '" "~ubangulat," etc. " . _. ' 
., . '--., In. 1927 COX163 discussed this problem ,and d~cided that it,ispos-:' 
. ; sible , to make a,' determination from sand grains 'which ' will yield :' . 
, quadfita1ite . mea,surements. :' He bases .l;1is: determinations ' upon :~he " 
'.) , ratio b( the ' area 6f a crOss sectiOn of a gr~in to the "area of a 'CirCle 
....... 1: .... Ii 111 .,..~ ;J.' , . . 4 . , f," • ¥,' - • • '. ,~. J ' .... \ . . ':~.'" ,. , 
';'" ';",hkll, has, the same drcllmference as the perimeter o~ the measu,red 
,; ... .' g~,ain, c,' It is ~:ob~ious thcit a graiti ~'th a '1arge ' nil~ber of sides . and 
;"";with l:tearly ~qual radti, wh~' seen in ' cross ,se~tion, will yield ,a .ratio . t... '. .' :' , ' }, .. . . ,~ " . "',~":"tapproiimati~g that ,of a circle witli the sa~e perimeter. Evena,square;' 
'.. :- •• : J' t "'; _ .' ~ .. 
~ '.' 
\ 62 tro~bridge ',md ¥d~ti';ore , Econ, Geol. , Vol. 20; pp. 409~423 , 1925. 
_,1M Cox'.: E. p" Jour. Paleo., Vol: I , pp, 179,l~3, ~?27. . • 
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Appendix B 
Bibliography 
The bibliography is divided intq two parts; ,part one includes the 
publications which make a specific reference to the type area of the 
Dakota stage or which aided in the earliest stu(lies of the region; 
part two contains the general articles on the Dakota in other localities, 
articles pertaining to methods, procedure, paleontology, and general 
principles. 
, In this bibliography an attempt has been made to bring together a 
<complete list of articles which make a contribution to the knowledge 
o'f the rocks of the Dakota stage in northeastern Nebraska imd adjacent 
Iowa, the type area. Many articles which make only a passing refer-
ence to the Dakota section have been excluded. Articles which use 
the Dakota sections of previous writers or have used conclusions f,ound ' 
elsewhere have for the' main been omitted. 
Practically all of the articles included in the first part of the bibli-
ography have been reviewed by the writer, even though no refetence 
is made to these artiCles in the historic;al summary. The publications 
cited in part two contain material used in the present writing or have 
been consulted for comparative pu'rposes or are generally familiar to 
the writer. 
The chronological arrangement of part one is used for ready refer-
ence and as a general guide to the development of the studies and 
knowledge of the Dakota stage. Part two is arranged alphabetically 
by authors. · 'The numbering of the references is consecutive through 
both parts. 
PART I 
ARTICLES RELATING TO TYPE AREA OF DAKOTA STAGE 
1804 
1. Thwaites, Reuben Gold, editor Original Journals of Lewis & Clark, 1804-
1806, in 7 vols. Dodd, Mead & Co., New York, 1904. 
(N ote: With the exception of reference No. 2 the bibliography does not 
contain references to a large number of publications made by members of 
the Lewis & Clark party or by other p~rsons who claimed access' to the 
original records. Some of the publications are known to be spurious, while 
others are based on partial data or on badly edited and abridged notes. 
The edition by Thwaites contains all the original diaries, unpurged, includ-
in~ those of Gass, Floyd and other subordinates.) 
2. Allen, Paul, and Biddle, N. (editors), History of the expedition under the, 
command of Captains Lewis and Clark to the sources of the Missouri; 
1809 
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thence across the Rocky Mountains and down the river Columbia to the 
Pacific ' Ocean performed during the years 1804-1806. Two vols., 470 pp. 
and 522 pp., maps, etc. Philadelphia, 1814. See pp. 49-51. 
3. Maclilre; William, Observations on the Geology of the United States, ex-
planatory o{ a geological map: Am. Phil. Soc. Trans., Vol. 6, pp. 411-428, 
map, 1809. 
1817 
4. Bradbury, John, Travels in Interior of America in 1809-1811. London, 1817 
(second edition, 1819). Repri~i:ed as Vol. 5, Early American Travels, 1748-
1846; edited by Reuben Gold Thwaites, published by Arthur H. Clark Co., 
Cleveland, 1905. 
5. Mac1ure, William. Observations on the Geology of the United States of 
America. 127 pp., map. Philadelphia, 1817. 
1821 
'6. Nuttall, Thomas, Geological Structure of the Valley of the Mississippi: 
Phila. Acad. Nat. Sci. Jour., Vol. 2, pp. 14-52, 1821. 
1823 
7. James, 'E., Accdunt of Expedition from Pittsburg to the Rocky Mountains 
performed in 1819-1820, under the command of S. H. Long. Description 
of fossils by Thomas Say, Vol. 1, p. 106, and Vol. 2, pp. 410-411, Phila- . 
delphia, 1823. 
1829 
8. Morton, S. G., Phila<;lelphia Acad. Nat. Sci. Jour., 1828, Vol. 6, pp. 59-71, 
1829. Geological observations on the secondary, tertiary, and alluvial for-
mations of the Atlantic coast of the United States. Arranged from the 
notes of Lardner Vanuxem. 
9. Vanuxem, Lardner, Remarks on the Character and Classification of Cer-
tain American Rock Formations: Am. Jour. Sci., Vol. 16, pp. 254-256, 1829. 
1830 
10. Morton, S. G.; Synopsis of the Organic Remains of the Ferruginous Sands 
FOrhlation ,of the United States with Geological Remarks: Amer. Jour. Sci., 
Vol. 17, pp, 274-295. 1830. 
11. Morton, S. G. , same title as above: Amer. Jour. Sci., Ser. 1, Vol. 18, pp. 
243-250, ills., 1830. 
1833 
12. Morton, S. G., same title as above: Amer. Jour. Sci., Ser. 1, Vol. 23, pp. 
288-294, ills., 1833. 
13. Morton, S. G., same title as above: Amer. Jour. Sci., Ser. 1, Vol. 24, pp. 
128-132, 1833. 
1843 
14. Nicollet,]. N., On the Geology of the Region on the Upper Mississippi 
and the Cretaceous Formation of the Upper Missouri: Amer. Jour. Sci., 

Meek, F. B., and H;ayden, F. V., "On the So-called Triassi'c Rocks of 
Sl!-S ' and, 'Neb~aska: ,Am'. Jour>Sci.; ser. 2, Vol; 27, :pp:' 31-35/ 1859. F , 
',. 30.'·' ~g,~ssiz~ Lo~is" On Marc0u':s, Geology of· North· America:: Am Jour. Sci., 
.. i' S""" 2" V 1' 2' 7 13'41"7 1859 ," .', . Je'., ~ ~i' '-,'" er. :1. ",' 0, . .. ) ,pp. ... ~, .. .. . :';" I, ' " 
~ '_ J •• ~.;\, .( .... \ I ¥. .'.' . ':.' ~ 
, "t~'.'>,-" al'. .Newberry, J. S·;, . ~~plorations in ,Ne,v Mexico: A~: ;Jl:iur. 
,,,,'.' ,,:. ';/ ",'; ' 28 ':' . '298~299 '1859: ' .. ' "., .;,J "'~~" ", 
: .r~.)? :':" :.: .. .,.,'~ "". Pl?~, · .. : ... <~.i . ' , . t '. ~::' 
" 1860 ~' '." " . , , ' '. t " 
:~ (,32:" N~wb'erry; ]. i:, Note~ ~.~ the A~~ient Vegetal:iqn 'of North Ameri~a: Amer,: 
, , Jo~r:Sci., Ser:' 2, Vql. 29, pp. 208-218;.1860: AlsoA;-J. S./ Ser. 2; Vol. 30, 
:pp. 273-275, 1860. , " " , ',', ' ." ':, 
~ . - .~ 
. '\" 
Heer, bswaJd, On the Ag,e of the Nebraska Leaves: Am. Jour. 
YoL 31;'pp. 435-440, 1861. ' . . 'l; , ' 
Sct, Set. 2, 
',' . ' 
the Geology and Natural History' of the Upper Mis-
Soc" Tral1~" V 61. 12, n, s., ,1862, pp. 1-218, 1863, 
.', ';' 
• ~. w." ., .~ 
: Nebra.ska, . Bull. 'Soc . 
. : , 
" 
'" "", ,lI{eek~ f1,B .'; R~rl1arks 'Pll the ', Carb~;liiero"~s Rocks of , Eastern Kansas and 
: ~febraska and Their Relatiolls ':to ':Th0se of the Adjace~t States, and Other 
" '-, , 
" LOGalities Farther Eastward; In connecfiQn with a review of a paper recent-
',' ", ' ly"pubJished by J. Marcou (in 'the' Bulletin , bf the Geological Society of 
',,; "", " 'Fra'l1~~): .i}m,"Jour: Sci,; Ser. 2, yol. 39 pp, 157-173, 1865. ' 
, "'1866 :,'. <' ,--" . 
::- ·i38;' Ca;e1Jini; ]:, et 'Hee'r, 'O" Le's i>hilrite~ Cr.etac'ees du 'NeJ?raska: Me'm. 'Soc: J; . ',' .' '.... ' '- . ' ' . ' " . ~, . 
. ~:; ': Helvetique des ., Sci ~ Nat.; ' to ,XXII, pp. 1-24,: 1~66. " 
·,:',: .. I(l~h,~§w~f~'{}':., ~~~ t ,". r o",.':: • '. .~ T' ' • ,~~ , 
'd~', 
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1867 
39. Hayden, F. V., Remarks on the Cretaceous Rocks of the West Known as 
No.1, or the Dakota Group: Am. Jour. Sci., Ser. 2, Vol. 43, pp. 171-179, 
1867. 
40. White, Charles A., On the Geology of Southwestern Iowa: Am .. Jour. 
Sci., Ser. 2, Vol. 44, p. 23, 1867. 
41. Marcou, Jules, Le Terrain Cretace des Environs de Sioux City de la Mis-
sion des Omaha et de Tekama, sur les Bords du Missouri: Bull. Geo!. 
Soc. de Frarice, 2 Ser., Vol. 24, pp. 56-71, map, 1867. 
1868 
42. Lesquerettx, Leo, On So~e Cretaceous Fossil Plants from Nebraska: Amer. 
J our. Sci., Ser. 2, Vo!. 46, ~p. 91-105, 1868. 
1870 
43. White, Charles A.., Report on the Geological Survey of the State of Iowa: 
Vol. 1, pp. 285-295 (see also .pp. 98 and 290), 1870. 
44. White, Charles A., Report on the Geological Survey of the State of Iowa: 
Vol. 2, pp. 186-200, 1870. 
1872 
45. Meek, F. B., Lists of Fossils with Descriptions of Some New Types: Geol. 
1873 
Surv. of Wyoming and contiguous Territory, Hayden's Fifth Ann. Rept., 
pp. 297-313, 1872. 
46. White, Charles A., On the Eastern Limit of Cretaceous Deposits in Iowa: 
Amer. Assoc. Adv. Sci. Proc., Vol. 21, pp. 187-192, 1873; also Abstr. A. J. S., 
Ser. 3, Vol. 5, pp. 66-69, 1873. ' 
47; Hayden, F. V., Geology of Nebraska North of the Platte River: 1st Ann. 
Rept. of the U. S. Geol. Survey of the Territories, 1867, p. 629, 1873. 
187.6 
48. Meek, F. n., A Report on the Invertebrate Cretaceous and Tertiary Fos-
sils of the Upper Missouri Country: U. S. Geol. Surv. Terr. (Hayden 
Surv.) Rept., 9, 629 pp. (with plates of Dakota fossils), 1876. 
1878 ' 
49. Cope, E. D., Descriptions of New Extinct Vertebrata from the Upper 
Tertiary and Dakota Formations: Bull. U. S. Geo!. and Geog. Surv. Ter.r., 
Vol. 4, pp. 379-396, 1878. 
50. Lesquereux, Leo, and Newberry, J. S., Illustrations of Cretaceous and 
Tertiary Plants: U. S. Geol. Surv. Terr., plates and explanations, 1878. 
1883 
51. Lesquereux, L., The Cretaceous and Tertiary Flora: U. S. Geo!. Surv. of 
Terr., VoL 8, 1883. 
1889 
52. White, Charles A., The North American Mesozoic: Pres. Address, Section 
E, A. A. A. S., from Am. Assoc. Adv. Sci. Proc., Vo!. 38, 1889. 
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1890 
53. Hicks, Lewis E. , Report on the Stratigraphy and Hydrology of Nebraska: 
U. S. 51st Cong., 1st Sess., Sen. Ex. Doc. 222, pp. 71-86, 1890. 
1891 
54. White, C. A., Correlation Papers, Cretaceous : U. S. G. S. Bull. 82, pp. 140-
164, 1891. 
1892 
55. Todd, J. E., Notes on the Geology of Northwestern Iowa: Iowa Acad. 
Sci. Proc. for 1890-1891, Vol. I , Part ii, pp. 13-14, 1892. 
56. Lesquereux, Leo, The Flora of the Dakota Group, edited by' F : H. Knowl-
ton: U . S. G. S. Mon. 17, 400 pp., ills., 1892. ' 
1893 
57. Calvin, S., Relation of Cretaceous Deposits of Iowa to Subdivisions of 
Cretaceous Proposed by Meek and Hayden': Iowa Acad. SC,i. Proc., Vol. 
I, Part iii, pp. ' 7-12, 1893, Same paper in Amer. Geol., Vol. 11, pp. 300-
307, 1893. 
58. Keyes, Charles Rollin, Cretaceous Formations of Iowa: Iowa Acad. Sci. 
Proc., Vo1'. I, Part iv, pp. 25-26, 1894. See also Iowa Geol. Surv., Vol. I, 
pp. 123-138, 1893. 
59. Calvin, S., Cretaceous Deposits of Woodbury and Plymouth Counties: ' 
Iowa Geol. Sur~ey, Vol. I , pp. 147-161, 1893. 
1894 
'60. White, Charles A., Notes on the Invertebrate Fauna of the Dakota Forma-
tion, with Descriptions of New Molluscan Forins: U. S. Natl. Museum 
Proc., Vol. 17, pp. 131-138, ills., 1894. 
1895 
61. Todd,]. E., A Preliminary Report on the Geology of South Dakota: S. D. 
Geol. Surv., Bull. 1, 172 pp., mal?, 1895. (See pages 82-84.) 
62. Bain, H. Foster, Cretaceous Deposits of Sioux Valley: Iowa Geol. Survey, 
Vol. III, pp. 99-114, 1895. 
1896 
63. Bartsch, Paul, Notes 011' the Cretaceous Flora of Western Iowa: Bull. Lab. 
of Nat. Hist. S. U. I., Vol. 3, No.4, pp. 178~180, 1896. 
64. Bain, H . Foster, Geology of Woodbury County, Iowa: Iowa Geol. Surv.ey, 
Vol. V, pp. 241 -299, 1896. 'Important for references and descriptions of 
sections. 
1898 
65. Ward, L. F., The Cretaceous Formations of the Black Hills as Indicated by 
the Fossil Plants: U. S. G. S. Ann. Rept., 1897-1898, Part II, p. 703. 
1900 
66. Gould, Charles N., Some Phases of the Dakota Cretaceous in Nebraska : 
Am. ] our. Sci., Ser. 4, Vol. 9, pp. 429-433, 1900. 
Todd, J. E., Description of the Elk Point Quadra,;gle, S. Dak.-Ia.-Nebr.: 
: U. S. G. S. ·Geol. Atlas, Folio 156, 1908. ,.' 
1911 .'. . 
. 72. Todd, .J. E., is, the Dakota Lower' or Upper Cretaceous? ' 
Acad. ScL, Vols: 23 and 24, ·pp .. 65;69; 19q.< " 
·1922 
75. 
" l ",,'. , r. ':', ,,' f." j '7'. .' , .'~ ,'",' • ," • p'. ,,: ',' ".~. . 
Twenho£el, :MI. H., The Comanchean and ,Dakota 
Jour. ScL, Ser. 4, Vol. 49; pp. 281-297, 1920 . . 
Berry; E. W., The Age of the Dakota .Flora: Am. Jour. S'ci.; ,Ser. 4, Vol. 
50, pp. 387-390, 1920. 
Stanton, T. W., Some Problem.s Connected with the Dakota Sandstone: 
. Bull. G. S. A., Vol. 33, pp. 255-272, 1922. 
PART II 
GENERAL REFERENCES 
'B.llin, · 'H. Foster, Geolog~ of Guthrie County, Io;"it': Iowa Geol: Survey, 
, YoI.V~I, pp. 41,3-487, 1897. . '" 
ldw~: Ibw;l Geol.. Survey" 
"~. ': '/ 
. '-".\ '-N' ",'" I • , r, , " . ' ._ .'. ~:.rl J 
.~i .' : Beirr~ E:. W., .The F}ora of the Wpodbine ' $and at Arl:hur~ Blu£fs;":Tex~~ : 
.:' .• U.' S; Geol;' Surv. Prof. Pa,Per 129., pp. ·1.53-181, 192~. . ..; . ' . . 
. 82.' Brqw.n, \ '~c.,. Separ.iti~l1 of H~avy M.inerals of S'oils : Jour. Pale<h, V~l, 3,' .. ' 
; . '~'~' 'pp. 4i.?~414; 1929. :. • ", . '. 
t. " ~ " . ~ . . . 
" •. 83. Calvin·,. S;, The Nioorara Chalk: Pres. Address, Sec. E., A. A. A,' S .. ,' 1894, . 
. ", ' . ,Proc;' A~ A: A .. S,' ,Vol. 43,~894. " . , 
Cayeux', L.; .Intrcid·udion a l'Etude Petrographique. des 
tairesj 'Par'is, 1916:: " ,"" " , ' 
. Cou,es, ~isto~.y of t,h~ , Lewis and ,C1~rk .. i xl)edition, V~!. 1, ' ~p. ?~-.86, 1?-93. ',' ";: ~',' 
Cox, E. 'P.,.A M.ethod .of Assigning NUmerica.! and Percentage Values to :" 
.j< ,!ithe ,. Degree o~ ~oun'dness of, Sllnd ,Grllin's: J~~r. P~!eo.; Y 91 .. 1) pi:>. '~7.9;}83, .,~· 
It;:;::~~:.; ,"" ~~, ~ .192~.- _: '" .: 1:.:,/ #. ;.I '. ' t ~ I, _ '.. ~:' - '~~~ ~, .. ',I :l ",:1':~1, . l ./'<', -", t.:t',:; 
"'87;:." 6u~i;i: ;~'d 'Brdngnia~'t: Jour. de's'.Min~s; t: 23, pp. '421-440, 1808 . . 
. " , ' •. 430;) , \. .'. .... "'," .. ,.'! '.' ." " 
Darton, N. ~H. , 'G: olqgy and Un<;lerground Waters of. South. ' Dakota: U. S. 
. } '0 G~ S. W~ter Supply Pa,'per 227; pp. 4i-60; etc., 1909. ~ '. ..' 
. '('.r<, .89 . .. 'E mmons, R. C:, The Double Disper~ion Method of Mineral 'bet~r~ination: 
\,<;", ,Amer:,:Min., Vo1..13, pp. 505-515,. 1928. . ' . 
. Geikie, Sir Archibald, The' Fo~nders c;>( Geology, I;.-ci'ndon, 1905. 
Gould, C. N., On a .Series of r.~ansitiori Beds from the Coma~ch:e to tfie . 
Dakota Cretac~ous , in Southwest Ka~sas: Am. Jo·ur. Sci., Set. 4, Vol. 
. ;.'; " 5,, pp; J69-17\1&9( ,. "':', """.,',' " .' ,,' .. ", ,'. t~. 
"'~'~~: ' :':1'.92. , <;Xrabau .. ·~~ , Types of Sedimentary Ov~r~ap, : Geo!. Soc. Am. Bull.",VQ1., 17, . ~.:. ; 
'. ~" . '. ' pp. 567-636, 1906.. _ ' . ' .,.' .' ; 
i'S" .. ! 93. " <H~l.i,'~James ; Geology o£Iowa,' .vot' i Part' 1, p~. 143-145, 1858." . 
"94.' R~IL i ames', Obs~tvations ol1 the 'Cretaceous Strata of ' the United States : 
,,~' . :.6~ .• Jour . . Sci., Ser. 2, Vol. 24, pp. 72-86, 1857. 
.... g$ ;~ . I:I~wri, Frederick, The Trias of Kansas: St. Louis Acad. Sci. Trans:, Vol.), 
~ pp. 171-172, 1858. '. .. ,. - " .. : 
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Nicollet, ]. N., Report Intended to Illustrate a Map of the Hydrographical 
Basin of the Upper Mississippi River. List of fossils belonging to several 
formations alluded to in the report, arranged according to localities, pp. 
167-170: U . S. 26th Cong., 2d Sess., Sen. Doc. 237, 170 pp., map, 1843. 
Nuttall, Thomas, Journal of Travels into the Arkansas Territory During 
the Year 1819, 296 pp. Phila., 1821. Reprinted with notes by Reuben 
Gold Thwaites as Vo!' 13 of Early Western Travels, 1748-1846, Arthur H. 
Clark, 1905. 
Owen, D. D., Geological Survey of Wisconsin, Iowa and Minnesota, and 
Incidentally a ' Portion of Nebraska Territory ; made under direction of 
U. S. Treasury Dept., p. 195, Phila., 1852. 
Phillips, John, Memoirs of William Smith, Biographical, 1844. 
Piper, A. M., A Discussion of the Origin of Artesian Pressure. Paper by 
W. L. Russell, Econ. Geo!., Vo!' 23, pp. 683-696, 1928. 
Reeside, F . ·B., Jr. , The Fauna of the So-called Dakota Formation of 
Northern Central Colorado and Its Equivalent in Southeastern Wyoming : 
U. S. Geo!. Surv. Prof. Paper 131, pp. 199-207, 1923. 
118. Rubey, W . W ., Origin of the Siliceous Mowry Shale of the Black Hills 
Region: U. S. G. S. Prof. Paper 154D, pp. 153-170, 1929. 
119. .Rubey, W. W., and Bass, N. W., The Geology of Russell County, Kansas: 
Kansas Geo!. Survey, Bull. 10, 86 pp., 1'925. 
BIBLIOGRAPHY 321 
120. Russell, W. L. , The Origin of Artesian Pressure : Econ. Geo!., Vo!' 23, 
pp. 1327155, 1928. · 
121. Stanton, T. ·W ., A Comparative Study of the Lower Cretaceous Forma-
tions ·and Faunas of the United States: Jour. Geo!., Vo!. 5, pp. 597-624, 1897. 
122. Stantol1, T . W., The Morrison Formation and Its Relation with the Co-
manche and Dakota Formations: Jour. Geol., Vol. 12, pp. 657-669, 1905. 
123. Tester, A. C, Comanchean Fossils from the Glacial Drift of Iowa (abs.): 
Bull. G. S. /I.., Vol. 38, p. 233, 1927. 
124. Tester·, A. C, A Convenient Hydrometer: Science, N. S., Vol. 73, pp. 130, 
131, 1931. 
125. Tester, A. C, Measurement of Shapes of Rock Particles : Jour. of Sed. 
Petrology, Vol. 1, No.1, pp. 3-11, 1.931. . 
125a. Tester, A. C , and Bay, H . X., The Shapometer, a Device for Mea;;uring 
the, Shapes of Pebbles: Science, .N: S., Vol. 73, pp. 565, 566,1931. 
126. Trowbridge and . Mortimore, Correlation of Oil Sands by Sedimentary 
Analysis: Econ. Geo!., Vol. 20, pp. 409-423, 1925. 
127. Ward, L. F., The Cretaceous Rim of the Black Hills: Jour. Geo!., Vol. 2, 
. pp. 250-266, 1894. 
128. Wentworth, C K., A Laboratory and Field Study of Cobble Abrasion: 
Jour. Geol., Vol. 27, pp. 507-521, 1919. . 
129. Wentworth, C K., The Shap'e of Pebbles : U. S. Geol. Surv. Bull. 730, pp. 
91-114, 1922. 
130. Wentworth, C K., Methods of Mechanical Analys is of Sediments: Univ. 
of Iowa Studies in Nat. Hist., Vol. 11, No. 11; N. S. 117, 1?26. 
131. Wilmarth, M. G., Geologic Time Classification of the U. S. GeologicaJ 
Survey, etc.: U. S. Geol. Surv. Bull. 769, 1925. 
132. Wilson, Roy A. , The Possibilities of Oil in South Dakota: Bull. 10, South 
Dakota Geo!. Survey, pp. 54-60, 1922. 
133. White, Charles A., Exogenous Leaves in the Cretaceous Rocks of Iowa: 
Am. Jour. Sci., Ser. 2, Vol. 44, p. 119, 1867. 
134. White, Charles A., On the Occurrence of Later Cretaceous Deposits in 
Iowa: Amer. Geol., Vol. 1, pp. 221-227, ills., 1888. . 
DESCRIPTION OF PLATE III 
FIGURE A. Photomicrograph, zone 6a, Section 1, Ys -1/16 mm. 
grade. Shows rounded zi'rcon grain, mica, and a frosted quartz 
. gram. Mag. 80x in 1.742 index liquid. Magnifications approx-
imate. 
Zone 6a, Section 1 ~ Sioux City shale pit, marine fossiliferous bed 
of Dakota stage. . 
FIGURE B. Photomicrograph, zone 6a, Section 1, ~-Ys mm. gr~de. 
Shows sud ace etching on quartz grain and grain of microcline . . 
Mag.100x. 
FIGURE C. Photomicrograph,. zone 6a, Section 1. ·Shows glau-
conite grains. X-nicols, Mag. 200x. 
FIGURE D. Photomicrograph, zone 6a, Section 1. Shows fresh 
plagioclase feldspar in iron oxide cement. X-nicols, Mag. 200x. 
FIGURE E. Photomicrograph, zone 6a, Section 1. Shows fresh 
feldspars and quartzite grains in silt m~trix. X-nicols, Mag. 
200x . . 
FIGURE F. Photomicrograp4, zone. 6a, Section 1. Shows large 
rounded gniin of quartzite and fresh ' feldspars in fine calcite 
matrix. X-nicols, Mag. 200x. 
FIGURE G. Photomicrograph, zone 9, Section 1. Graneros sand-
stone: Shows spine and quartz grains in calcite matrix. X-nicols. 
FIGURE H . Photomicrograph, zone 6a, Section 1. Shows basic 
feldspar alteration to cal<;:ite and quartz. X-nicols, Mag. 200x. 
FIGURE 1. Photomicrograph, zone 6a, Section 1. Shows feldspar 
alteration. X-nicols, Mag. 200x. 
FIGURE]. Photomicrograph, zone 12, Section 3. Shows glau-
con,ite in center with small rhombic crystals of calcite. 
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DESCRIPTION OF PLATE IV 
FIGURE A . . Photomicrograph, zone 1, Section 6. Shows grain of 
glauconite in center. X-nicols, Mag. 200x. 
FIGURE B. Pqotomicrograph, zone 8, Section 7. Shows much 
glauconite and pyrite in matrix of calcite. Polarizer only .. 
FIGURE C. Photomicrograph, zone 8, Section 7. Shows glau-
conite. X-nicols. 
FIGURE D. ~hotomicrograph, zone 4, Section 7. Shows glau-
conite grain in circle near center of field. 78-1/16 mm. grade in 
J.742 index liquid. . 
FIGURE E. Photomicrograph, Section 9. Shows texture and shape 
of particles. X-nicols, Mag. 80x. 
FIGURE F. Photomicrograph, Section 8. Shows .triangular shaped 
large grain of chert (upp~r center). Mag. 84x. 
FIGURE G. Photomicrograph, zone 4, Section 10, ~-78 mm. grade. 
Shows sub-round grain in center and a large number of curvilinear 
grains of quartz. In 1.742 i~dex liquid. Mag. 84x. 
FIGURE H. photomicrograph, ' zone 3, Section 10, ~-78 mm. 
grade. Shows curvilinear grains of qu~rtz ' with surface etching. 
In 1.742 index liquid. Mag. '84x. . 
FIGURE I. Photomicrograph, zone 1, Section 10, ~-78 mm. grade. 
Shows curvilinear and subangular quartz grains with surface 
etching. In 1.742 index liquid. Mag. 74x. 
FIGURE J. Photomicrograph, zone 1, Section 10, ~-78 mm. grade. 
Shows typical curvilinear quartz grain in center. In 1.742 index 
liquid. Mag. 84x. 
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INDEX 
A 
Agassiz, Louis, cited, 315 
Allen, Paul, and Biddle, N., cited, 312 
Analyses, mechanical, of Dakota sands, 
305 
Analysis of Dakota sands, 274; labora-
tory methods used, 301 
Analysis of sands, 287, 292, 298 
Anatina, 226 
Anchura, 226; kiowana, 227 -
Andro,meda parlatorii, 265; pfaffiana, 
265 
Anomia, 226 
Aowa creek, Dakota beds; on, 205, 247 
Araliopsoides cretacea, 266 
Arcopagella ? macrodonta, 224, 225 
Arkansas, age of fossils from, 207 _ 
Ashland, Nebraska, Dakota beds near, 
260 
"Ayoway" (Aowa) river, section at, 
208 
-B 
Baculites, 206, 207 
Bain, H. Foster, cited, 219, 241, 243, 
317, 318; study of Dakota beds, 219; 
use of terms, 232 
Ballou Brick Company, pit -of, 245 
Barbour, E. H., work of, on Lewis and 
Clark journals, 205 . 
Bartsch, Paul, cited, 219, 317; study of 
Dakota beds, 219 
Bass, N. W., cite~, 266, 320; study of 
Dakota beds, 266 
Bay, H. X., cited, 321 
Beatrice, Nebraska, Dakota beds near, 
260 
Bellvue, Colorado, fossils from, 227 
Beloit, Kansas, fossils -from, 226 
Belvidere beds, age, 282; - character, 
268; history, 272; relation to Dakota 
stage, 282, 283 ; Washita age of, 200 
Berg, K., cited, 318 
Berry, E. W ., cited, 224, 225, 265, 266, 
318, 319 ; study of Dakota beds, 224; 
use of terms, 233 
Bibliography of Dakota stage, 312 
Big Sioux river, Calvin's section on, 
217; fossils from, 210; sections on, 
216, 241 
Black Hills, Dakota beds in, 228 
Boulders, Mentor, in Kansan drift, 229 
Bradbury, John, cited, 205, 313; study 
of Dakota beds, 205 
Brongniart, Alexandre, cited, 319 
Brown, 1. c., cited, 308, 319 
Burchard, E . F ., cite~, 220, 221, 249, 
318 ; study of Dakota beds, 220 
C 
Callis.ta ?, 235 
Calvin, S., cited; 219, 220, 230, 317, 319 ; 
law of deposition, ' 218; section on 
Big Sioux riv~r, 217; study of Da-
kota beds, 217 
Capellini, J ., cited, 315 ; study of Dako-
ta ieaves by, 213, 215 _ 
Cardium, 237 
Carneiro, Kansas, Dakota beds near, 
269 
Cayeux, L., cited,-319 
-Cenomanian of Europe, age"214; 224, 
228 
Centrifuge, use, 308 
Cervillia, 226 
Chalkstone horizon, age, 216-
Chamberlin and Salisbury, use of 
terms, 233 
Cheyenne sandstone, age, 225 
Clark, Captain, study of Dakota beds, 
204 
Cleland, H. F., use of terms, 233 
Coburg, Iowa, Dakota beds near, 256-
259, 281 
Colorado, fossil~ from, 227 
<;:olorado and Dakota stages, division, 
238, 242 
Comanchean series, Dakota stage in, 
284 ; in Kansas, 223, 267 -
Comanchean time, seas of, 226 
Condra, G. E., cited, 221, 249, 318; 
study of Dakota bed~ , 221 
Cone-in-cone in Kansas, 267 
Cones probably Alnus, 266 
Conybeare and Phillips, division of 
Cretaceous by, 207 
Cope, E. D., cited, 316 
Corbicula ? subtrigonalis, 237 
Corbula, 226; hicksii, 219, 225 
Coues, E ., cited, 319 -
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Cox, E. P., cited, 310, 311, 319 
Cretaceous, Lower, studies of, 200 
Cretaceous fossils from Missouri coun-
try, 205 
Cretaceous rocks, controversy regard-
ing age of, 212; description of, 202; 
European, correlation with strata of 
United States, 214 ; exposures, 200; 
of New Jersey, 212; of ,Nebraska, 
210; see Dakota, . 
Lretaceous system, Dakota ' stage. in, 
284 
Crill limestone, named by Keyes, 223 
Crill Mill section, Da~ota beds at, 241 , 
279 
Crocodile from Dakota beds, 226 
Cross~be.dding i.n Dakota stage, 272 
Currents depositing Dakota beds', di- , 
rection, 280 
Cuvier, Georges, cited, 3i9 
Cyprina, 211 
Cyrena, 226; arenarea, 202, 214; dako-
tensis, 224, 237; novamexicana, 214 
D 
Dakota and Belvidere beds, relations, 
282 ; and Benton, division between, 
223; and Colorado stages, division, 
238, 242; and Graneros, division,' 238, 
241, 278, 282; and Washita beds, re-
lations, 227 
Dakota City, Nebraska, Dakota rocks 
near., 233 
Dakota county, Nebraska, Dakota beds 
in, 202 
Dakota embayment, 282 
Dakota flora, age, 225; origin, 219, 220; 
plants of, 265, 266 
Dakota fossils , lists, 219, 225, 237 ; re-
lations, 201 
"Dakota group", age, 227.; named by 
Meek and Hayden, 214 ; term first 
applied, 202; original' name, 231; use 
of term, 233 
Dakota sands analyses, 240, 274; lab-
oratory metho.ds used in analysis, 
302; mechanical analysis, 305; min-
eral determination, 309; mineral sep-
aration, 307; photomicrographs, 322-
325 ; prep'aration ' of samples, 304; 
sampling, 303; shape analyses, 309; 
splitting samples, 304 
Dakota sandstone lenses, ,origin, 270 
Dakota stage, age, 201 , 210, 222, 224, 
225, 228; base, 278 ; beds named from 
town, 202; bibliogra:phy, 312; charac-
ter, 276, 278; in Kansas, 264 ; condi-
tions of deposition, 275; conformable 
with raneros, 275; ,contact with , 
Pennsylvanian, 221; with Permian, 
263; fossils from , 223, 235, 237, 275; 
glauconite in, : 277 ; interest in, 200 ; 
leaves from, 243ff, 265, 266, 280; len-
ticular character, 229; lignite in, 279; 
limits, 220 ; oblique beds in, 229; ori-
gin, 2i4, 218, 220-223, 228, 229, 280; 
"peanut" gravels, origin, 301; plants 
from, 265, 282 ; rock terms for, 231; 
.sections, 240 ff; along Missouri river, 
200; in Iowa; 235ff; in Kansas, 262, 
281; in Nebraska, 260, 281; near Co-
burg, Iowa, 256-259; near Decatur, 
Nebraska, 252; near Fairbury, Ne-
braska, 261; , near Lewis, Iowa, 255; 
near Homer, Nebraska, 248-251; near 
Ponca, Nebraska, 246-248; near Sar-
geant Bluff, 245; near Sioux City, 
235, 275; near Washington, Kan-
sas, 263 ; ' near Westfield, Iowa, 
241; study by Bartsch, 219 ; by 
Berry, 224 ; by Bun,:hard, 220; by 
Bradbury, 205; by Calvin, 217; by 
Capellini, 213; by Condra, 221 ; by 
Darton, 221; by Gould, 219; by Ha"tl, 
209; by Hawn, 213; by Heer, 215 ; by 
Hicks, 219; by Keyes, 223; by Lee, 
227; by Lesquereux, 215; ,by ' Lewis 
and Clark, 204 ; by Long, 205 ; by 
Lyell, 208; by Marcou, 208, 213 ; by 
Meek and Hayden, 209, 214 ; by Mor-
ton, 207; by Newberry, 211, 213; by 
Nicollet, 208 ; by Nuttall, 205; by 
Owen, 268; by Piper, 229 ; by Ree-
side, 227; by Russell, 228; by Stan-
ton, 225; by Tester, 229 ; by Todd, 
216, 221, 222 ; by Twenhofel, 223 ; by 
Vanuxem, 207 ; by White, 215, 219; 
thickness, 216, 221 , 278 ; type locality, 
201 
INDEX 329 
Dakota stage in Upper Mesozoic se-
quence, 283 
Dammara borealis, 265 
. Dammarites cf. emarginatus, 266 
Dana, James D., use of terms, 232 
Darton, N. H ., cited, 221, ' 318, 319; 
study of Dakota beds, 2~1; use of 
terms, 232 
Decatur, Nebraska, Dakota beds near, 
204,252 
Denmark, Kansas, fossils from, 226 
Diabase dikes, origin of Dakota beds 
from, 277 
E 
-Elk Point Ferry ,Landing, Dakota beds 
at, 246, 279 
Emmetsburg, well at, Dakota beds in, 
217 ' 
Emmons, R. c., cited, 309, 319 
Endicott, Nebraska, Dakota beds near, 
260 
Era of time, meaning, 232 
, Eucalyptus Dakotensis, 265 
Evans, John, work of, 208 ; study of 
Dakota beds, 208 
F 
Fairbury, Nebraska, Dakota beds near, 
261 
Fauna of Dakota stage, 283 
Featherstonhaugh, G: W ., study of 
Dakota beds, 208 . 
Flora of Dakota stage, 265, 266, 283 
Floyd, Sergeant, death of, 204 . 
Fluvial sorting and deposition, study 
. of, 285-301 
Foraminifera, 235, 241, 247 
Formation, meaning' of, 231 
Fort' Benton group, named by Meek 
and Hayden, 231 
Fort Dodge gypsum beds, called Cre-
taceous by Keyes, 219 
Fossils, correlation by use of, 210 
Fossils, Cretaceous, from Missouri 
country, 205 
Fossils from Dakota stage, 235, rela-
tions, 201 
. F redericksburg time, seas of, 226 . 
Fuson, oblique beds ·in, 229 
G 
Geikie, Sir Archibald, 319 
Glauconite in Dakota stage, ~37, 252, 
275, 277 
Goniobasis je~ersonensis, 219 
Gould, C. N., cited, 219, 220, 225, 249, 
317, 318, 319; study of Dakota beds, 
219; use of terms, 232, 233 
Grabau, A. W., cited, 223, 319; use of 
terms, 232 
Graneros beds, near Ponca, 247, 248 ; 
thickness, 229 
Graneros and Dakota, divisions be-
tween, 220, 278 ; rdations', 275 , 282 
Greenhorn 'beds at Sioux City, 238 
Green sands of Europe, age, 214 
Group, meaning of, 231 
Gryphaea, 207 ; corrugata, 207 
H 
Hall, James, cited, 209, 212, 314, 319 ; 
study of Dakota beds, 209 
Hamites ?, 207 " 
Hastings, Neb., Dakota beds n~ar, 260 
Hawarden shales, named by Keyes, 223 
Hawn, Frederick, cited, 213, 319; study 
of Dakota beds, 213 
Hayden, F. V., cited, 202f!, 314, 315, 
316, 320; study of Dakota beds, 202; 
see also Meek and Hayden ' 
Heer, Oswald, cited, 211-213, 315 ; 
study of Dakota leaves by, 212, 215 
Hicks, Lewis E., cited, 219; 262, 317, 
319 ; study of Dakota beds, 219 
Hills, R. c., use of terms, 233 
Homer, Nebraska, Dakota beds near, 
220, 248-250, 278 
I 
Inoceramus, 208, 235, 441 , 246, 247; co-
mancheanus; 227; problematicus, 217 
Inoceramus beds named by White, 215 
Iowa, Dakota ,sections In', 235, 255; 
Mentor boulders in, 229 
J 
Jackso~, Nebra~ka, fossils from, 225 
James, Edwin, 'cited, 206, 207, ' 313 ; 
study of Dakota beds, 206 
Johnson, H , L., cited, 307, 319 
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K 
Kan0I:l0li ~, Kansas, Dakota beds near, 
268 
Kansan drift, Mentor boulders in, 229 
Kansas, characteristics of Dakota beds; 
265 ; Comanchean formations of, 223; 
Dakota stage in, 211 , 219, 262, 281 ; 
fossils from, 226 ; fossils plants from, 
265 
Kansas Geological Survey, work under, 
199 
Keyes, Charles Rollin, cited, ' 206, 219, 
223, 230, 317, 319; study of Dakota 
beds, 219 ;··use of terms, 232 
Kiowa-Mentor series, age, 223; rela-
tion to Dakota stage, 283 
King, Clarence, cited, 319; use of 
terms, 232 
Knowlton, F . H.; cited, 319 
L 
Laboratory methods used in amilysis 
of Dakota sands, 302 
Lakota, oblique beds in, 229 
Leaves from Dakota stage, 243ff, 265, 
. 266, 280; study of, 211-215 
Le Conte, ]., use of terms, 232 
Lee, W . T ., cited, 227, 320; study of 
Dakota beds, 227; use of terms,. 232, 
233 
Leidy, . J os., cited, 320 
Le Mars, well at, Dakota beds in, 217 
Lenses in Dakota sandstone, 229, ori-
gin, 270 
Lesquereux, Leo, cited, 215, 220, 316, 
317; study .of Cretaceous leaves by, 
215 
Lewis, Capt., minerals studied by, 205; 
study of Dakota beds, 205 
Lewis, Iowa, D.akota beds near, 255, 
281 
Lewis and Clark expedition, reprints 
of original journals, 204 
Lignite beds of Dakota stage, 220, 276, 
279; at Sergeant Bluff, 246 
Liriodendropsis simplex, 265 
Little River, Kansas, Dakota beds 
near, 267 
Llano Estacado, formations in, 212 
Logan, W. N., use of terms, 232 
Long expedition·, study· of Dakota beds, 
206 
Lonsdale, E . H ., cited, 258, 320~ study 
o~ Dakota beds, 258 
Lyell, Charles, cited, 208; study of Da-
kota beds, 208 
M 
Mad,ure, William, cited, 313 
Mactra siouxensis, 214, 224, 237 
Maha village, strata near, 206 
M~rcou, Jules, cited, 208, 212, 213, 314-
316, 320; study of Dakota beds, 213 
Margarita, 237 
Margaritana nebrascensis, 202, 224 
Marine molluscan fauna in Dakota 
. stage, 275 
Marquette member, character, 268 ; his-
tory, 272 
Martesia ? sp., 225 
Maximilian von Wied, Prince, study 
of Dakota beds, 208 
Meek, F . B., cited, 202, 205, 209, 214, 
224, 249, 314, 315, 316, 320; study of 
Dakota beds 202-214 
Meek and Hayden, cited, 202, 211-214, 
231; sections along Missouri river, 
202, .209; .study of Dakota beds, 202- . 
214; use of term's, 232 
Mentor-Dakota sequence, 224 
Mentor sandstone; boulders in Kansan 
drift, 229; histC!ry, 272; in Kansas, 
267; relation to ' Dakota stage, 226, 
281, 283 
Mentor time, seas of, 226 
Miller, use of terms, 233 
Mineral determinations of D .a k 0 t a 
sands, 309 
Mineral separation of Dakota sands, 
307 
Minerals from Sioux City region, 205 
Missouri river, age of fossils from, 207; 
Cretaceous fossils from, 205; Dakota 
beds along, 200, 204, 247; travel 
along, 200 
Modiolus, 226 
¥oore, R. c., use of terms, 233 
Morrison formation, age, 228 
Mortimore, M. E., cited, 310, 321 
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Morton, Samuel G., cited, 207,313,320; 
study of Dakota beds, 207 
Mowry beds, age, 228 
Myrica 1onga, 265 
Myrsine gaudini, 265 
N 
Natural Corral, Kansas, Dakota beds 
at, 268 
Nebraska, Cretaceous section of, 210; 
Dakota beds in, 202, 219, 221, 246, 
248-250, 260, 281; fossils from, 225 
N eocomian· of Europe, age of, 214 
Newberry, J. S., cited, 211, 213, 215, 
- 320; study of Dakota beds, 211 
Newcastle member, age, 228 
New Jersey, Cretaceous rocks of, 212 
New Mexico, age of fossils from, 207 
Nicollet, J. N., cited, 208, 313, 314, 320; 
study of Dakota beds, 208 . 
Niobrara division, named by Meek and 
Hayden, 231 
Nishnabotany sandstone, named by 
White, 215 
Nishnabotna s.hales, named by Keyes, 
223 
Nuttall, Thomas, cited, 205, 313, 320; 
study of Dakota beds, 205 
o 
Ostrea, 206; 207, 225, 226;. congesta, 217 
Otodus, 217 
Owen, D. D., cited, 208, 314, 320; study 
of Dakota beds, 208 " 
p 
"Peanut" gravels of Dakota stage, ori-
gin, 301 
Pectunculus, 211, 214 
Pennsylvanian rocks, contact' with Da-
kota beds, 221 ' 
Period of time, meaning, 231 
Permian rocks, contact with Dakota 
beds, 263 
Pharella, 214, ' 225; dakotensis, 202, 224 
Phillips, John, cited, 320 
Photomicrographs of Dakota sands, 
322-325 
Piper, A. M., cited, 229, 320; study of 
. Dakota beds, 229 
Plants of Dakota stage, 265, 275, 282 ; 
from Kansas, i65 
Plaster of paris channel, experiment in, 
297 
. Plymouth county, section in, 241 
Ponca, Nebraska, Dakota beds near, 
205, 246, 247 
Ponca sandstone, named by Keyes, 223 
Prospect Hill, Sioux City, Dakota beds 
at, 243, 278 , 
Protocardia texana, 237 
ProtophyllOcladus subintegrifolius, 265 
Protophyllum, 265 
Pseudomelania ? 225, 226 
Pteria salinensis, 227 
Ptychodus, 217 
"Puddingstone" in Dakota beds, 258 
Purgat9ire beds, age, 228 
Pyrgulifera meekii, 219 
R 
Red Oak, Iowa, Dakota beds near, 256 
Reeside, J. B., Jr., cited, 227, 320; study 
of Dakota beds, 227; use of terms, 
233 ' 
Rhamnites apiculatus 265 
Ripple marks in Dakota sandstone, 244, 
251 
Riverside, exposure at, 235 
"Rocks: The", Kansas, "Dakota beds at, 
267 ~ 
Rocktown Channel Sandstone member, 
271, 282; origin, 266 
Rothrock, E . P., use o{terms,. 233 
Rubey, W. W., cited, 266, 320; study of 
Dakota beds, 266 
Russell, W. L., cited, 321 
S 
ampling of Dakota sands, 303; prep-
aration of samples, 304 
Sands, analysis of, 287, 292, 298 
Sandstone lenses of Dakota stage, ori- . 
. gin, 270 
Sassafras acuti\obum, 265; cretaceum, 
266; (Araliopsis) mirable, 266 
Say, Thomas, study of Dakota beds, 
206 
" 
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Schuchert, Charles, use of terms, 233 
Senonian of Europe, age of, 214 
Sergeant Bluff, Dakota beds at, 245, 
278; leaves from Dakota beds at, 219 
Sergeant shales, named by lceyes, 223 
Series, meaning of, 231 
Shape analysis of Dakota sands, 309 
Sioux City, Cretaceous at, 217; Dakota 
beds near, 216, 235, 240, 243, 275, 278; 
Lewis a'nd Clark ne~r, 203; well at, 
Dakota beds in, 217 
Sioux City ' Brick Company, pit of, 235 
"Sioux" group as nam'e for Dakota 
, beds, 203 ' 
Sioux quartzite, origin of ' Dakota beds 
from, 276 . 
Solen, 211 
South Dakota, Dakota beds in, 221;' di-
abase dikes in, 277; Sioux quartzite 
in, 276 
Splitting samples of Dakota sands, 304 
Stanton, T. W., cited, 225, 226, 266, 283, 
318, 321; study of Dakota lJeds, 225 
Stone , Park, Sioux City, 'Dakota beds 
at, 216, 240 
Stream table at University of Iowa, 
286 
Stream table experiment No. ' I, 286; 
No. II, 289; No. 111,296 
System of rocks, meaning, 231 
T 
Tekamah, Nebraska, beds pear, 252 
Tellina, 226 , ' 
Tester , A. c., cited, 229, 311, 321; study 
of Dakota beds, 199, 229 , 
Thwaites, Reuben Gold, cited, 204, 312 
Todd, J. E ., cited, 216, 221, 222, 317, 
318; study of Dakota beds, 216; use 
of terms 233 
Trigonarca salinaensis, 237; siouxensis; 
202, 224-226 
Trinity time, seas of, 226 
Trowbridge, A. c., and Mortimore, M. 
E., cited, 310, 321 
Turonian of Europe, age of. 214 
Turritella kan,sasensis, 237 ' 
Turtle from Dakota beds, 226 
Twenhofel, W. H., cited, 200, 223, 226, 
2p8, 281 , 318; study of Dakota beds, 
223; use of terms, 233 
Unconformity in Dakbta beds, 253 
Unio barbouri, 219 
University of Iowa, stream table at, 
286 . 
Upper Cretaceous, base of, 224 
v 
Vanuxem, Lardner, cited, 207, 313; 
study of Dakota beds, 2d7 
Viviparus hicksii, 219, 226 
V olutoderma, 226 
W 
Ward, L. F ., cited, 317, 321 
Washington, Kansas, Dakota beds 
near, 262 
Washita age of Belvidere formation, 
200 
Washita formation, age, 224, 228; fos-
sils from, 227 
Washita and Dakota beds, relations, 
227 
Washita-Kiowa beds, age, 228 
Washita-Kiowa-Mentor series, rela-
tion to Dakota stage, 283 
Wentworth, C. K., cited, 304, 305, 311, 
321 
Westfield, section near, 241 
White, Charles A., cited, 215, 216, 219, 
262, 316, 317, 321; names given to 
Cretaceous beds by, 215; study of 
Dakota beds, 215 
White, pavid, use of terms, 232 
Widdringtonites reichii, 265 
Wilmarth, M. Grace, cited, ,231, 321 
Wilson, Roy A., cited, 321 
Windom member in Kansas, 267 
Woodbine flora of Texas, relations, 266 
Woodbine formation, age, 225 
Woodbury county, 19wa, Dakota beds 
exposed 'in, 235 
Woodbury sandstones and ' s h a I e s, 
named by White, 215 
x 
Xylanthrax, '206 
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THE KINDERHOOK SERIES OF'IOWA 
, 
INTRODUCTION 
The Mississippian · of Iowa is represented only by' four se·ries of 
formations. Three series of these Mississippian formations, the Kin-
derhook, the Osage and the Meramec, are well developed in the state 
while the Chester series is represented by only a single formation. Of 
these four series this paper deals particularly with the oldest or the 
Kinderhook. 
The Mi!isissippian of Iowa is of marine origin with limestone pre-
dominating. Dolomites, shales arid sandstones are present but are of 
lesser importance. The Mississippian limestones are particularly noted 
for the great amount of chert which they · .usually contai'n. These 
marine sedimentary beds are almost without exception fbssiliferous 
and usu.ally carry a very prolific fauna. 
The regional dip of the sedimentary strata: in Iowa is to the south-
west at a sl~pe of about 12 feet to the mile. This dip bring~ the 
Mississippian rocks to the surface in a narrow belt extending across 
the state in a northwest-southeast direction. This belt Qf outcrop 
reaches from · Keokuk on the southeast to Humboldt county in the 
northern central part of the state. The Mississippian strata are covered 
by younger formations to the west of Humboldt county: 
Classification 
The rocks that are now . known as Mississippian were classed under 
various names, such as i'Carboniferous," "Lower Carboniferous" and 
"Sub-Carboniferous," for a period of 70 years. This period lasted 
fro~ 1821, when Thomas Nuttall1 compared the . "Encrinital group 
at Burlington" with the Mountain Limestorie of Europe, until 1891 
when H. S. Williams2 proposed the term Mississippian for them. 
In 1839 D. b. Owen introduced the term Sub-Carboniferous for the 
. strata underlying the "Coal Measures" and overlying the Hamilton: 
M; DeVerneuil in 1847 recognized the fact that the Waverly group of 
Ohio definitely belonged with the Carboniferous. The St. Louis lime-
1 Nutta,ll, T., Observations on Geological 'Structure of the Valley of the Mississippi : Jour. 
Acad. Nat. Sci. Philadelphia. Vol. II, pp. 14-52, 1821. . • . . 
2 Williams, H . S., Correlation Papers 0.£ Devonian and Carboniferous: Bulletin 80, U. S. G. S., 
p. 135, 1891. 
. \ 
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stone was. named by H. King in 1851. The final report of D. D. Owen 
on the geology of Iowa, Minnesota, and Wisconsin was 'publisped in · 
1852. In this report the Sub-Carboniferous was divided into a lower 
and an upper series. The division between these tw~ series w·as at the 
base of the geodiferous bed or the center of what is now the Warsaw 
formation. 
In 1853 Swallow correlated the· Choute~u limestone, the Ve~micular 
sandstone and the Lithographic limestone with the Chemung of New 
Y OI;k James Hall, working in Iowa in a period from 1856 to 1859, 
also ·referred these beds to the Chemung. In the same period Hall 
proposed the term Burlington for the "Encrinital group" of Owen and 
also cleared up the use of the term Keokuk. In 1860 C. A. White 
questioned the correl~tion of these beds with the Chemung, calling 
attention to the fact that the faunas were much like those of the 
overlying Sub-Carboniferous beds. Later in the same year, however, 
White and Whitfield recognized the "Chemung" of the Mississippi 
valley. It was in 1861 that Meek and Worthen realized that these 
beds were distinctly younger than . the Chemung of New York and 
proposed the name Kinderhook for them. The Kinderhook of Meek 
and W orthen includ~d only the Lithographic limestone (Louisiana), 
the Vermicular sandstone (Hannibal) and the Chouteau . limestone. 
In 1874 C. C. Broadhead proposed the term "Chouteau Group" for 
the members included in the Kinderhook of Meek and Worthen. This 
term was not used, however, because the term Kinderhook held priority. 
The Kinderhook has since been modified by Weller, Van Tuyl, and 
Moore to include certain of, the shale beds' below the Louisiana lime-
stone and overlying the Devonian limestones . . 
Purpose of the Investigation 
This investigation has been carried on with these points in view-
to determine the stratigraphic relations of the Kinderhook strata within 
the series itself and with the overlying and utlderlying formations; to 
establish definite life zones that may be traced throughout the region; 
and to make correlations with adjacent regions based on the stratig-
raphy and paleontology. 
Location of Area 
The belt of outcrop of the Kinderhook of Iowa reaches roughly 
from Fort Madisbn on the southeast to the northern part of Franklin 
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TABLE I 
Classijica,tioll of ·the Mississippian Fonnations of the Mississippi Valley 
SYSTEM SERIES I , FORMATION 
Kinkaid 
Degonia 
Clore , 
Upper Chester Palestine 
Menard 
\Valtersburg 
Vienna 
Tar Sprin~s 
Glen Dean 
Middle Chester 
Hardinsburg 
Golconda 
Cypress 
Paint Creek 
Mississippian Yankeetown 
Lower Chester Renault 
Aux Vases 
Ste. Genevieve 
St. Louis 
Meramec Spergen 
Warsaw 
Keokuk 
. 
Osage Burlington 
Fern Glen 
Chouteau 
. 
Hannibal 
Kinderhook Louisiana 
I Chattanooga 
county in north-central Iowa. This area of outcrop of the ' Kinder-
hook strata will be divided in this paper roughly into two provinces. 
The southeastern Iowa province will include all Kinderhook strata 
TABLE II 
Gmeral Classification of th.e Mississippian of Iowa 
SYSTEM SERIES FORMATION 
Chester Pella 
. St. Louis 
Meramec Spergen 
Mississippian Warsaw Osage KeOKuk 
Burlington 
Hampton 
Kinderhook English River 
Maple Mill ' 
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exposed In Des Moines, Louisa, Washington, Johnson and Iowa 
counties. ' ' The north-central Iowa province includes the Kinderhook 
of Tama, Marshall, Grundy, Hardin, Butler ,and Franklin counties. 
The section of Kinderhook strata exposed along Iowa river near 
LeGrand is located within the limits of the north-central Iowa province. 
However, these exposures are approximately midway between the best 
development of the Kinderhook in southeastern Iowa and the best 
development of the Kinderhook in north-sentral Iowa, so a special 
chapter will be devoted to the discussion of the LeGrand section. 
Previous Work 
The early work on the Kinderhook of Iowa has been partly reviewed 
in the history of the classification of the Mississippian. ' The work of ' 
Meek and Worthen while they were connected with the Illinois State 
Survey cannot be underestimated. Meek and Worthen, HaU" White, 
Swallow, Miller and Gurley, Shumard, and Winchell all figured very ' 
prominently in the description of Kinderhook fossils. More recently 
Charles Wachsmuth and Frank Springer, Stuart Weller, and R. C. 
Moore have described many species from the Kinderhook beds. 
The county survey reports of Charles R. Keyes for Des Moines 
county, J. A. Udden ,for Louisa county, Samuel Calvin for Johnson 
county, S. W . Stookey for Iowa county, H . F. Bain for Washington 
county, T. E. Savage for Tama county, S. W . Beyer for Hardin and 
Marshall counties, M. F. Arey for Grundy and Butler counties, and 
1. A. William~ for Franklin county were all used very extensively. 
The Kinderhook faunal studies of Stuart Weller from 1899 to 1906 
have proven to be very valuable. Monograph I of the Illinois State 
Survey (Mississippian Brachiopod~) must also be mentioned. 
F. M. Van Tuyl spent a series of summers studying the Mississippian 
of Iowa. The results of this field work were published in volume 
XXX of the Iowa Geological Survey. This report on "The Stratig-
raphy of the Mississippian Formations of Iowa" has been a constant 
reference book. 
In 1928 the Missouri Bureau of Geology and Mines published a re-
port on the "Early Mississippian Formations of Missouri" by R. C. 
Moore. This report forms a basis for many of the correlations made 
in this paper. , 
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Field Methods 
The field work upon which this report is based was carried on 
during the summer field seasons of 1928 and 1929: ,' An attempt was 
made during this time to see every exposure of the Kinderhook within 
the state, These exposures have been mapped ove, a considerable 
part of the north-central Iowa province. 
A great deal of the -correlation has been done by zone stratigraphy. 
A zone is established by a combination of several factors. The associa~ 
tion of species within a limited vertical distance is an important factor. 
The abundance of certain sp~cies ' and the . scarcity of others is ' used 
very advantageously. . The lithology of the beds often helps greatly 
- in the establishment of a z'one. Relatively barren horizons often 
form natural breaks between the zones. A combination of all of these 
. factors will usually establish -a zone that may be traced over consider- . 
able distances. During this work definite zones have been established 
within ea:ch of the members. 
, 
In, this report positions within sections are located in the following 
manner. The section in which the position is to be located is divided 
into nine equal rectangl€s. These rectangles are numbered from left to 
right up to nine: The point to be located would then lie within one of 
these rectangles. This one would again be divided into nine equal ' 
rectangles and numbered accordingly. The position wduld then be 
within one of these smaller rectangles. If the position should lie with-
in the seventh small rectangle of the fifth large rectangle its position 
would be 57. The small rectangle could b~ divided again and even a 
fourth time if the location of the point should demand such accur~cy. 
, 2 
4- S , 
# B 
3 
,6, 
.9 
The position of the point in the diagram would 
pe 78 of section -, R. - W., Twp. ,- N.If ' the 
smaller rectangle should again be"divided into nine 
rectangles the position of the point wpuld be 785 
of section -, R. - W., Twp. -:- N . . 
A topographic base map was not available for 
the region and locations were made with the aid of 
county maps furnished by the State Highway Departmerit. During 
the early part of the investigation the areal geology maps of th~ county 
survey reports were used extensively. 
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Nomenclature 
The term Hampton is proposed for the Kinderhook beds of Iowa 
that lie stratigraphically above the English River formation and below 
the oldest beds of the Osage series. This'· formation is named for 
Hampton, the coun~y seat of Franklin county, around which town this 
formation is best exposed. 
The term North Hill is proposed for the oldest member of the 
Hampton formation in the southeastern Iowa province. This m.ember 
includes all Kinderhook strata stratigraphically above the English 
River formation and below the brown <;lolomites of the. Wassonville 
member of the Hampton formation. It is named for the ·exposure on 
North Hill in the city of Burlington, where ' the member with both its 
upper and lower contacts is exposed. 
The term Kinderhook is used as a series name in this report and ~he 
terms ' Maple Milt, English River and Hampton are considered" -as 
formation names. If further classification is necessary the formations 
are divided into members and the members into zones. 
:rhe Bampton formation is divided in north-central Iowa into four 
members. The names Chapin; Maynes Creek, Eagle City and Iowa 
Falls were introduced by Van Tuyl in 1922 for these members and are 
retained in this report essentially as defined by VanTuyl except for 
some slight changes in their contacts. 
General Introduction to the Formations- Involved 
in the Discussion 
S. E. P.~Southeastenl Province 
N. C. P.-N9rth-Central Province 
The Cedar Valley limestone, S. E. P.-The Cedar Valley limestone 
uriconforrpably underlies the ,Sweetland Creek b~ds of the southeastern 
province. It also underlies the Sheffield formation in the southeastern 
part of the north-centr:-al province. At oth~r places in the north-central 
province it underlies different formations of the Lime Creek series. 
Lithologically it consists of hard gray fossiliferous . limestone ledges 
and brown .shaly dolomite. It is 'Upper Devonian in age. 
The Shell Rock formation, N. C. P.-T~e Shell Rock formation un-
conformably overlies the Cedar Valley limestone and in the northern 
part of the north-central province is unconformably overlain by the 
Juniper Hill shale. In .the southe7npart of the north-centra:l province 
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the Hackberry shale. At s~mle places in the north~central province the 
Juniper Hill shale is undoubtedly directly ' overlain by the Sheffield 
formation. The Juniper ' Hill consists of soft blue fissile shale and " 
also is Upper Devonian in age. 
The Hackberry shale} N. C. P.-The Hackberry shale conformably 
overlies the Jijhipe~ 'Hilland is conformably overlain by the Owen 
limestone~ At a few places it is probably unconformably overlain by 
, the Sheffield formation. This relation is not exposed, however. The 
Hackberry \consists of gray soft exceptionally fossiliferous highly 
calcareous shales and is Upper Devonian in age. " 
The Owen limestone} N . C. P.-The Owen conformably overlies the 
, Hackberry formation and unconformably 'underlies the Sheffield forma-
tion. It consists of hard gray to blue fossiliferous limestone ledges 
interbedded with soft yellow fossiliferous dolomite and some shale. 
The Owen marks the upper limit of the Lime Creek series and is Upper 
Devonian in age. 
The Sheffield format1:on} N. C. P. an~ S. E. f.-The Sheffield 
formation unconformably overlies the Lime Creek si!ries in the north-
central province and unconformably overlies the Cedar Valley lime-
stone in the southeastern province. It is unconformably overlain by 
the Maple Mill and English River formations in the southeastern 
province and by the Hampton formation in the north-central province. 
It is about 125 feet in thickness and consists of blue soft unctuous shale 
interbedded with brown dolomite. Locally in the upper part some 
limestone and chert may be seen. Faunally it is very similar to the 
Chemung of New York, which makes it Upper Devonian in age. 
The Sweetland Creek beds} S. E. P.-The Sweetland Creek beds 
unconformably overlie th~ Ceda,r Valley limestone and are unconform~ 
ably overlain 'by Pennsylvanian shales in their area of exposure. They 
consist of greenish blue shales interbedded with blue dolomitic shale. 
They are very poorly fo!;>siliferous and 'are 'probably to be correlated 
with some part of the Maple Mill formation. 
The Maple Mill formatio n} S. E . P .-":"The Maple Mill contact with 
. the Cedar V alley is not exposed. It probably overlaps unconformably 
on to the Cedar Valley limestone. It is conformably overlain by the 
English River formation. Lithologically it consists of soft blue to 
MA YNES CREEK MEMBER 347 
gray unctuous pyritic shale. , It . contains very few fossils but should 
probably be correlated with the Chattanooga shales. ' 
. The English River formation, S. E. P. and N. C. P.-The 'English 
River formation conformably overlies the Maple' Mill formation and 
unconformably underlies the Hampton fonnation. It consists of blue 
massive siltstone ledges that are filled with casts' of fossils . It is 
correlated with the Hannibal shale of Missouri. 
. The Hampton formation, S. E. P. and N . C. P.-This formation 
includes the six following members: 
The North Hill member, S. E. P.-The North Hill member lies un-
'conformably over the English River formation. At a few places in the 
southeastern province it rests possibly on the Maple Mill formation. 
It is c<?nformably overlain, by the Wassonville member of the Hampton 
formation. Lithologically it consists of semilithographic limestone, 
quartz s1ltstone and oolit,ic limestone. It is correlated' with the Chapin 
member of the Hampton formation in the riorth-central province and 
with some portion of the Chouteau of Misso~ri. 
T.he Wassonville dolomite member, S. E. P~-This member con-
formably overlies the North Hill member in some parts of the prov-
ince and unconformably overlies the English River, Maple Mill and 
Sheffield formations in other parts of the southeastern province. It con-
sists of massive brown dolomite ledges interbedded with white very 
fossiliferous chert. it is correlated with the Maynes Creek m~mber of 
the Hatnpton formation of the north-:central province and with some 
portion of the Chouteau of Missouri. 
The Chapin member, N. C. P.-The Chapin member lies uncon-
formably over the Sheffield , formation and conformably under the 
Maynes Creek member of the Hampton formation. It consists of hard 
gray thin-bedded limestone and oolitic limestone. It is ~orrelated with 
the North Hill member of the southeastern province and with some por-
tion of the Chouteau of Missouri. 
The Maynes Creek member, N. C. P.-'-The Maynes Cteek member 
conformably overlies the Chapin member and conformably underlies 
the Eagle City member of the Hampton formation. It consists of 
massive brown fossiliferous dolom,ite interbedded with white excep-
tionally fossiliferous chert. It is c01"related with the Wassonville 'mem-
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ber of the southeastern province and is closely related to the Chouteau 
of Missouri. 
The Eagle City member, N . C. P.~The Eagle City member con-
formably overlies the Maynes Creek member a1'\.d conformably under-
lies the Iowa Falls member of the Hampton formation. It consists of 
brown and gray limestone in the base, dolomite in the central part, and 
lithographic and oolitic limestone at the top. Faunally it resembles 
the Chouteau of Missouri. The Eagle City probably is younger than 
any portion of the Chouteau, butit has a fauna that was derived directly 
from that of the Chouteau. 
The Iowa Falls member, N. C. P.-The Iowa .Falls me~ber con-
formably overlies the Eagle City member of the Hampton formation 
and is unconformably overlain by the Alden limestone. It consists en-
tirely of brown dolomite ledges which for the most part are very poorly 
fossiliferous. It probably is younger than any portion of the Chouteau 
of Missouri, but it has a fauna that was derived directly from the 
Chouteau fauna, and it should therefore be considered a part of the 
Hampton formation of Iowa. 
The Burlington formation f S. E. P.-The Burlington limestone un-
confotmably overlies the Hampton formation and conformably under-
lies the Keokuk limestone. It consists of massive brown crinoidallime-
stone in the base, brown dolomite interbedded with much chert in the 
central portion, and gray and green limestones interbedded with chert 
in the upper portiq~. It is correlated withthe~urlington of Missouri. 
The Keokuk formation, S. E. P.-The Keokuk limestone conform-
ably overlies the Burlington limestone and grades ' coriform~bly into 
the Warsaw formation. It consists in the basal part of soft yellow 
dolomite interbedded with much chert and of massive blue shaly fos-
siliferous limestone beds in the top: It is correlated with the Keokuk 
beds .of Missouri and Indiana. 
The Warsaw formati04-z, S. E. P.-The Warsaw formation lies con- . 
form~bly over the Keokuk limestone and is unconformably overlain 
by the Spergen formation. It consists in the lower portion of soft 
black and gray fissile shale filled with geodes and in ~he upper part of 
blue massive limestone interbedded with shale and dolomite. 
The Spergen Formation S. E. P. and ·N . C. P.-The Spergen of 
the S. E. P. unconformably overlies ' the Warsaw formation and un-
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conformably underlies the St. ,Louis 'limestone. It consists of brown 
dolomitic limestone beds and is correlated with the Spergen of Indiana. 
It is que~tionable whether the Spergen is present in the N. C. P . 'The 
Alden limestone of Hardin county and the Gilmore City limestone of 
Humboldt and Pocahontas counties suggest Spergen both lithologically 
and faunally: The large crinoid fauna in the oase of the Gilmore 
City limestone carries a large number of Kinderhook genera. The 
Alden limestone, which is correlated with the Gilmore City limestone 
in this paper, lies unconformably' on the upper surface of the Iowa 
Falls member of the Hampton formation. This relation seems to 
suggest that they should n'ot be considered to be Kinderhook in age. 
The St: Louis limestone, S . E. P. and N. C. P.-The St. Louis lime~ 
stone unconformably overlies the Spergen formation' and may be 
seen resting unconformably on several other Mississippian forma:tions. 
It is conformably overlain by the Ste. Genevieve formation., Litho-
logically it consists of peculiar wavy beds of blue to gray limestones 
that are usually strongly brecciated. These limestone ledges are inter-
bedded with shale and dolomite. 
The Ste. Genev'ieve formation,. S. E: P. and N. C. P.-The Ste. 
Genevieve unconformably overlies the St. Louis limestone and is un-
conformably overlain by beds of Pennsylvanian age. It. consists of 
gray, blue, green, black and reddish shales that are very fossiliferous 
in their upper part. The formation is correlated with the Ste. Gen-
evieve of Missouri. 
Acknowledgments 
The writer is most indebted to Dr. A. O. Thomas of the University 
of Iowa, whose careful guidance both in the field and in the laboratory 
has greatly 'aided in the production of tQis paper. Large collections of 
fossils made by Doctor Thomas throughout the region were turned 
over to the writer. . 
Dr. A. C. Tester of the University of Iowa has given valuable aid 
during the study of the sedimentation and also with regard to the . 
ear.ly Mississippian stratigraphy. 
Dr. A. C. Trowbridge o~ the University of Iowa has given valuable 
lid in the stratigraphy along Mississippi river. 
Thanks are given to Dr. Louise Fillman of Simpson College for the 
use of extensive collections of fossils from the Wassonville ~herts. 
350 KINDERHOOK SERIES OF lOW A 
Th<;lnks must be given to Mr. B. H . Beane of LeGrand, Iowa, whose 
long field experience and extensive collections were made available. 
Mr. C. L. Cooper of the Oklahoma Geological Survey has given valu-
able aid "in the early Mississippian stratigraphy. 
Dr. James S. \Villiams of the University of Missouri .' must be 
thanked for aid in the stratigraphy of the Kinderhook. " 
STRATIGRAPHY AND PALEONTOLOGY 
\ 
Southeastern Iowa Province 
INTRODUCTION 
The basal formations of the Kinderhook are confined, with the 
exception of one small group of exposures in Marshall and Tama 
counties, to the southeastern Iowa province. The Maple Mill shale 
formatiop is not exposed northwest of Washington county. The most 
northwesterly exposures of the English River formation are found 
along Iowa river in Marshall and Tama counties. . 
The Hampton formation is much less developed in the southeastern 
Iowa province than in the north-central province. Only the two basal 
members of this formation are exposed' in southeastern Iowa. 
The basal Kinderhook shale beds have ' been referred by different 
writers to the Upper Devonian and to the basal Mississippian. The 
exact age of these shale beds that occupy the interval between definit~ly 
recognized Devonian and definitely recognized Mississippian horizons 
has long been a disputed question. If the Devonian grades conform-
ably into the Mississippian it is obviously an arbitrary matter 'as to 
where the line separatit).g the two is placed. 
Lithological changes in beds and changes in faunas are usually 
inaugurated by some diastrophic movement which changes the c'ondi~ 
tions of sedimentation and the environment in which the faunas live . . 
. . 
I f such a diastrophic movem-ent is slow and gentle we cannot expect 
abrupt changes or marked unconformities at places wher.e sedimenta-
tion is in progress when the movement is inaugurated. 
It is not possible to draw this line on paleontology alone. The 
Upper Devonian limestones are characterized by a very abundant fauna . . 
In Chemung time this abundant fauna slowly dwindled until only a 
very few species were ' left in the uppermost beds of Chemung age. 
Following the deposition of the Chemung there was a long period dur-
ing which life in the continental basins was not abundant. This 
transition period is represented by such formations as the Chattanooga 
shale, the Sweetland Creek shale, the Maple Mill sl:tale and the Grassy 
Creek shale. At the time of the deposition of the Saverton shale, 
the Louisiana limestone and the Hannibal shale conditions are again 
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favorable for life. The faunas represented in these formations are 
definitely Mississippian but retain many of the otd Devonian genera. 
The presence of the new fauna, however, determines the age of the 
beds . 
. It is obvious that lithology cannot be used alone to establish such 
a contact. In both Iowa and New York the Upper Devonian shales 
are very. much like the shales that are found in the beds in question. 
In Missouri the first beds that may be definitely referred to the Mis-
sissippian are 'also .shales with like characteristics. 
The distribution of these shales should help materially in the matter 
of their classification. The sh;les of Chemung age usually directly 
overlie beds of known Devonian age while the shales in question bear 
very little relation to the Upper · Devonian. These shaies spread far 
and wide over the country and rest on older formations of almost 
every age. They are found in New York, Ohio, Indiana, Michigan, 
Illinois, Iowa, Missouri, Tennessee, Kentucky, Arkansas and Okla-
homa. These shales are more often overlain by Mississippian strata 
than underlain by Devonian strata. From. this distributional relation 
. it seems likely that the greatest change of conditions took place before 
their deposition and that they should therefore be assigned an early 
Miss,issippian age. 
Perhaps the best proof 'for the Mississippian age of the, basal ' 
Kinderhook shale beds of Iowa . and Missouri is found in the great 
. , 
unco~formity that lies between them and the Sheffield formation of 
'Chemung age. This unconformity bevels all of the Sheffield forma-
tion, all of the Lime Creek series, all of the Cedar Valley limestone) all 
of the Niagaran dolomite, and a portion of the Ordovician sediments. 
In n<?rtheastern Missouri the basal part of the Kinderhook shale series 
is found resting on the Galena limestone. 
THE SWEETLAND CREEK BEDS . 
In 1922 Van Tuyl3 placed the Sweetland Creek beds in the · lower 
portion of the Kinderhook. They will be considered in this report 
as belonging t.o· the Kinderhook. 
D,istribution and Thickness.-The exposures of the Sweetl~nd Creek 
beds are confined to the lower part of the bluffs on the north side of 
Mississippi river east of the city of Muscatine in Muscatine county. 
s .van T uyl, I owa Geol. Survey, Vol. XXX, p. 71 , 1922. 
. , . 
SECTION OF KINDERHOOK BEI;>S 
45' 
Hampton 
20' 
English River 22· , 
Maple Mill 19' 
Unexposed 275' 
Sweetland Creek 
48' 
Brown dolomite and fossiliferous 
white chert. 
Limestone ("'" .... _ ......... ~ .• n~ ... 
sandstone and 
Siltstone, very fossiliferous. 
Shale, blue, unctuous, pyritic . 
Shale, soft, argillaceous, known · 
only from deep well sections. 
Shale, green, and argillaceous 
. magnesian limestone. 
FIG. 46-C0mposite section of the Kinderhook of Southeastern Iowa. 
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The exposures are mainly limited to the walls of the creeks that cut 
the Mississippi bluffs at this locality. The best exposures are located 
within :Qve · miles of the city of Muscatine. Farther to the east the 
. , 
, 
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Sweetland Creek is represented only by discontinuous beds and is often 
cut out entirely by the "coal measures". The type exposure is located 
on Sweetland creek about five miles east of the city of Muscatine at 
37 of section 27, Sweetland township. It is also well exposed in the 
valleys of each of the three creeks imp1ediately to the west of Sweet- .. 
land creek. 
A complete sectio,n of the Sweetland Creek may not be seen at any 
one place. At the type section about 20 feet is exposed, which 
represents . only the basal part o~ the complete section. The uppermost 
bed of dark shaies is almost entirely missing at this pla~e. Van Tuyl 
places the maximum thickness at 48 feet. 
Stratigraphy.-,-The Sweetland Creek may be seen at several localities 
in disconformable contact with the underlying Cedar Valley limestone 
of Upper Devonian age. In the region of its exposure it may also be 
seen in disconformable contact with the overlying shales of Pennsyl-
vanian 'age. 
South of the area in which the Sweetland Creek is exposed, mimely 
in Des Moines and Lee counties, <.L blue shale bed ~nderlies the English 
River g'ritstone. At the city ~f Burlington the thickness of this shale. 
bed has been determined through deep well sections to be , 375 feet. 
Only the upper part of this shale bed is exposed in Iowa. 
The unconformity at the top of the Cedar ValJey limestone becomes 
, more marked toward the south. In Clark county ' in northeastern Mis-
, souri erosion has removed 'both the Devonian and Silurian beds so that 
, I , 
the Kinderhook shale rests unconformably on the Maquoketa shale.4 
If the Kinderhook shale overlaps on to an unconformable surface it is 
likely that the Sweetland Creek beds do not represent the basal part, of 
, the formation. 
Paleontology.-The fauna of the Sweetland Creek is very meager 
'and , very poorly preserved. The list given by U dden5 is as follows: 
Lingulasubspatulata' M. and W. 
Lingula d. nuda Hall 
Lingula d. melie' Hall ' 
Lingula sp. 
Gastropod sp. 
Spathiocaris emersoni Clarke 
Solenocaris strigata Meek?, 
Ptyctodus calceolus N. and W . 
Rhynchodus d . excavatus Newb. 
Synthetodus sp. 
6 Krey, Frank, Ill. Geol . Survey BuU. 45, p. 50, 1924. 
5 Udden, J, A. , Geology of Muscatine County: Iowa Geo!. Survey, Vo!' IX, p. 302, 1899. 
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In the lower three inches of the formation just above its uncon-
formable contact with the Cedar Valley limestone tpay be found a fish 
tooth conglomerate. The teeth, which are 'usually very much frag-
mented, are scattered through this lower hard green dolomitic shale 
bed. Fish tooth conglomerates of this nature just above unconform-
able contacts probably originate where the waves break these fish to 
pieces along'the shorelines. 
The fish tooth conglomerate is followed by about two and one-half 
feet of softer green dolomitic shale that is almost unfossiliferous. One ' 
' layer contains an occasional fish tooth and a few plant remains. 
About three' feet ,above the contaCt of the Cedar Valley limestone is 
found a hard bluish green dolomite that contains a few indistinct casts 
of brachiopods. A few specimens of Lingula were obtained, also one 
cast that has been referred to the genus Reticularia and one specimen 
that resembles the brachial valve of a Schizophoria. Plant impressions 
, occur at several horizons. This dolomitic horizon is not over two feet 
in thickness. 
Above the, dolomite ledge may be seen about eight feet of greenish 
shales int~rbedded with darker material. Pyrite and hard green con" 
cretions are scattered throughout the mass. The l:torizon is unfossil-
iferous except for occasional indistinct plant impressions. 
The upper PQrti6n of the Sweetland Creek consists of dark bitumi-
nou~ shales filied with pyrite. In the lower part of this zone, which 
is about 32 feet in ,thickness, are lenses of blue shale. These lower 
layers carry the specimens of S pathiocaris and S olenocaris. 
C orrelation.-There is very little fauna in the Sweetland Creek 
to help one in correlation. The presence of S pathiocaris and S oleno-
caris would suggest that it be correlated with some part of the Chat-
tanooga shale. 
THE MAPLE MILL FORMATION 
The Maple Mill shale is exposed only in the southeastern province. 
Its complete section of 370 feet is known only from deep well sections. 
The maximum exposed section of the Maple Mill formation is only 60 
feet. The Maple Mill is defined as inc1uqing everything below the 
English River gritstone and above the, Devonian formations. 
Distribution and Thickness.-Because of the soft nature of the 
formation its exposures are practically limited to the base of the Kin-
derhook-Osage escarpment that forms the common bluff of Mississippi 
r 
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and Iowa rivers. A line of exposures of the Maple Mill may be traced 
northward ,from B~rlingtonalong the base of the Mississippi bluff. 
A few ' miles north of the city the formation dips beneath the level 
of the flood plain and is not exposed again until the lower valley of . 
Smith creek in Louisa county is reached. Thence it is exposed in 
several places along the south bluff of Iowa river in Louisa county; 
These exposures are particularly availabl~ for study in the basin of 
Lpng creek to the south of Columbus Junction. 
FIG. 47.-Maple Mill exposure on Smith creek, Louisa county. 
The Maple Mill is not exposed again until the . vall~y of English 
river in Washington ' county is reached. Here exposures are found 
in the bluffs of the river for a considerable distance on either side of 
the town of Kalona. The best expostires may be seen in the old clay 
pits one mile south of Kalona . 
. The Maple Mill is thought to immediately underlie the drift for a 
considerable distance to the west of Washington county, but it may be 
studied only through deep well sections which penetrate it. It is 
thought to underlie the greater part of southeastern Iowa. However, 
only the upper 60 feet is exposed in the maximum section at Burling-
ton. All other ~mown exposures are of a much smaller nature, few 
of them exceeding 15 teet. . 
In well sections the ovetlying English River formation is not dis-
tinguished from the Maple Mill shale. The following thicknesses 
represent both the English River an4 th~ Maple Mill. At Burlington 
the thickness is 370 feet, at Fort Madison 268 feet, at Keokuk 225 
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feet, at Winfield 325 feet, at Morning Sun 280 feet, at Fairfield 250 
feet, at Sigourney 198 feet, at Ottumwa 165 feet, at Pella 125 feet, at 
Grinnell 180 feet, and at Marshalltown 145 feet. 
It becomes very evident when one studies' the distribution of the 
Sheffield formation in Iowa that much of the shale listed in these well 
sections very likely belongs to this formation. It is difficult to dis-
criminate between these two shale bodies in well sections, but the 
Sheffield formation contains a large proportion of dolomitic and cal-
careous material that is not found in the Kinderhook shales. Much of 
the material penetrated in well sections in the central part of the state 
certainly belongs to the Sheffield formation. . 
- Lithologic Character.-Lithologically the Maple 'Mill is a blue to 
gray to greenIsh very soft, unctuous shale. The blue color is by far 
the most predominating. The shale is usually filled with masses of 
,pyrite and in many localities carries smaller quantities of sphalerite. 
Locally small calcareous lenses are found but nowhere in such quanti-
ties that they might be mistaken for limestone. There are occasional 
layers of black carbonaceous ' material. The Maple Mill grades into 
the overlying English River gritstone, which consists of small white 
crystalline grains of quartz. 
Stratigraphy.-The Maple Mill formation overlies the Devonian 
limestones unconformably. This unconformable contact is not exposed 
in the region south of Sweetland creek. The Maple Mili formation 
probably overlaps on to the unconformable surface, thereby making 
the Sweetland Creek beds equivalent to some part of the Maple Mill 
which lies a considerable distance up from its base. The d~epest part 
of the trough in which these shales were deposited probably was some-
where in the vicinity of Burlington, where these shales ' reach their 
maximum thickness . 
. Westward from Mississippi river the Maple Mill formation probably 
overlaps on to the Sheffield formation. This relation between the two 
shale beds has never been seen in the field, but from a study of the 
distribution of these two shale formations such a relation seems in-
evitable. The English River formation overlaps on to the Sheffield 
formation and is exposed in this relation at LeGrand. 
The Maple Mill grades into the overlying English River gritstone 
with very Httle break in lithology at mOst places. The only evidence 
of a break between these two formations is found in the English 
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river basin in Washington county, where the lithology changes abrupt-
ly from a blue shale filled with carbonaceous material to the fine blue 
quartz silts of the English River. This contact is exposed in the 
abandoned clay pit one mile south of Kalona on the south 'bluff of 
English river. The English River formation has been considered to 
be the fossiliferous top silic~ous zone of the Maple Mill shale. 
Paleontology and correlation.-The fauna of the. Maple Mill is very 
meager and lends. very little aid in correlatibn. Practically the only 
fossil list kilOwn is the one given by Weller. The fqssils on which this 
list is based were collected by' Samuel Calvin and J. A. U dden in the 
clay pit ot the Granite Brick-Company at Burlington. The ledges from 
which this fauna was taken are not nOw exposed. 
. . . 
Spongiae 
Dictyophyton sp. 
Crinoidea . 
Crinoid stems 
Brachiopoda 
Faulla of the Maple Mill Shale6 
Lingula sp. 
Orbiculoidea sp. 
Schizophoria sp. 
Rhipidomella sp . . 
Productus ovatus Hall 
Productus sp. 
Productella sp. 
Eumetria altirostris (White) 
Pelecypoda 
Aviculopecten sp. 
Gastropoda 
Platyschisma sp. 
Porcelli a sp. 
Conularia sp. 
Cephalopoda 
Gomphoceras sp. 
Crustacea 
Palaeopalaemon newberryi Whitfield 
Veitebrata, 
Coelacanthus welleri Eastman 
. Plant remains 
A large number of fish remains have been t~ken from the Maple 
Mill shale in the vicinity of Burlington. These fish remains were ' 
collected by Frank Springer. 
Vertebrate Famw of the .Maple Mill ShaJe' 
Pristicladodus springe.ri St. J. and W. 
P. armatus St. J. and W. . 
Cladodus alternatus St. J. and W. 
eVan TuyJ, Iowa Geol. Survey, Vol. XXX, p. 55. 1922. 
7 Moore, R. C., Missouri Bur. of Geo!. and Mines, Vol. 21, Second Series, p. 31, 1928. 
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Cladodus exiguus St J. and W. 
C. exilis St. J. and W. 
Mesodmodus exsculptus St. J. and W . 
M. explanatus St. J. and W . 
Orodus daedalus St J. and W. 
O. decussatus St. J. and W . 
Pristodus ? acuminatus St. J. and W 
Psephodus reticulatus St. J. and . W. 
Coelancanthus welleri Eastmanl 
Ctenacanthus sculptus St. J. and W. 
C. speciosus St. J. and W. 
Acondylacanthus gracilis St. J. and W . 
Asteroptychius vetustus St. J. and W . 
Physonemus depressus St. J. and W. 
P . proc1ivus St. J. and W . 
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There is very little in these faunas that will help in correlation. 
- Seven of the eighteen species of fishes present in the Maple Mill shale 
are found again ·in the sandstone zone of the North Hill member of the 
Hampton formation. The presence of Productella and Rhipidomella 
is slightly suggestive of the Saverton and Louis·iana formations of 
Missouri. 
In northeastern Missouri the Louisiana limestone is overlain by the 
Hannibal shale, which is about 100 feet thick, and is underlain by the 
Saverton shale, which is approximately 90 feet thick at its type sec-
. tion. The Louisi.ana limestone thins both to the north and south of 
its type area. It is missing entirely in the well sections in Iowa. The 
Louisiana limestone, then, is a lens-shaped mass of limestone in this 
large sha,le body. 
The Hannibal shale of Missouri carries in its upper ledges a fauna 
that has been correlated with the English River of Iowa. Thi.s 
English River-Ha,nnibal fauna marks one of the definite horizons of 
the Kinderhook. It is very easily separated from any other fauna of 
the Kinderhook and occupies a very limited stratigraphic position. 
The English River formation of Iowa directly overlies the Maple 
Mill shale. From this relation it- would seem likely that the upper 
portion of the Maple Mill might correspond to the poorly fossiliferous 
lower portion of the Hannibal of Missouri. Lithologically the Maple 
Mill is more like the Saverton shale than like the Hannibal shale. If 
the Hannibal shale overlaps on to the Saverton-Maple Mill surface; 
it may be that the English River is the only portion of the Hannibal 
represented in Iowa. In this ·case the Saverton of Missouri would be 
correlated with some portion of the Maple Mill. In time posit jon the 
Louisiana limestone would occupy the interval between the deposition 
360 KINDERHOOK SERIES OF IOWA 
of the Maple Mill and the English River. At present this problem 
cannot be , definitely settled. 
T,HEENGLISH RIVER FORMATION 
The exposures of the English River .formation are confined to the 
southeastern Iowa ' province with the exception of a few exposures 
along Iowa river near the city of LeGrand in Marshall county. 
Distribution and Thickness.- The exposures of the English River 
formation are limited to the bluffs of Mississippi, Iowa and English 
rivers and their tributary streams. The English River is very well 
exposed at the city of Burlington and in the creek valleys immediately 
north of the city. In the northern part of Des Mpin~s county the 
English River .dips beneath the level of the flood plain of Mississippi 
river and is not exposed again until Smith creek in Louisa county is 
reached. Several good, exposures are found in the creeks that enter 
Iowa river from th~ south in Louisa county and these exposures are 
particularly well developed in the lower basin of Long creek south of 
Columb~s Junction. Very good exposures are found along the bluffs 
of English river in Washington .county, where the typ~ sections are 
located. The, best exposures are located in the old clay pits one mile · 
south of the town of Kalona in the south bluff of the river. The next 
place where the English River is exposed is over 100 miles to the north-
west of Washington county in the Iowa river valley near LeGrand. 
The English River formation differs somewhat in thickness at vari-
ous localities. This is due mainly to a small unconformity at its top 
where considerable rpaterial has b~en removed local~y; At Burlington 
its average thickness is about 22 feet, in Louisa county it is rarely 
over 15 feet, and , in Washington county it would average less than 
eight feet. Abrupt local variations are found in certain localities, how-
ever. 
Lithologic character.-The English River formation consists of 
massive blue siltstone ledges in which the individual grains are of clear 
white quartz. Mechanical analysis shows that 70 per cent of the 
material falls in the 1/16 to 1/32 mm. ' size grade. Practically none of 
the material is larger tha:n this. The majority of the crystaJs show 
good crystal boundaries and as a whole the ,material shows little 
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evidence of transportation. The color of the material is usually blue 
or gray, much like the underlying Maple Mill shale. OccasionaJly 
the upp~r beds are of a brownish yellow color. This color is developed 
ju,st below the contact of the EngHsh River with the overlying forma-
tions. 
Stratigraphy.-The English River lies with apparent conformity 
on the Maple Mill formation and is differentiated from the Maple 
Mill only by its massive sandy nature and its abundant fossil remains. 
It has been considered to be the upper fossiliferous part _of the Maple 
Mill formation. 
In the greater part of its area in Iowa the English River lies un-
conformably beneath the Hampton formation. In Missouri apparently 
no such ' relation exists between the Hannibal and Chouteau , forma-
tions. 
At Burlington the English River appears to underlie the Hampton 
conformably. Several of the species of fossils found in the English 
River continue right across the line. The only suggestion of a break 
between the two formations at Burlington is found in the leached 
yellow ledge ' at the top of the English Riv~r formation. This material 
is thought to have been leached after the, retreat of the English River 
sea and before the advance of the Hampton sea. 
To the north a~d west of Burlington this unconformity becomes 
more and more marke9-. It is very clearly marked in. Washington coun-
ty in the type sections of the English River. 'In the exposures in Iowa 
river valley near LeGrand the English River is represented by a con..; 
glomerate of large blocks in which nearly every zone ' of the English 
River is found. 
This stratigraphic break wiil be taken up in detail in a' separate 
chapter at the end of the description of the Hampton formation of the 
southeastern Iowa' province. 
Paleontology.-The English River fauna is one of the most dis-
tinctive and most easily recognized faunas in the Iowa ' Kinderhook. 
It contains a very characteristic assemblage of fossil species that do 
not occur together in any other part of the series. The fauna. is 
exceptionally prolific both in individuals and in species. The fossils 
are always preserved as casts in this sandy material. 
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The fauna of the English River at But:lingtonhas been fully fisted 
by 'both Weller8 and Van Tuy19 and will not be repeate4 here. 
Faunal list 'irom the , English River at the, rqilro'ad cut exposure in the .northeast 
corner of section 19, R. 3W., Tivp. 73 N., ill Louisa cot,nty. 
Brachiopoda , 
Schellwienella inaequalis (Hall) 
Chonetes iUinoisensis W OI:then 
Productus' mesicostalis Weller 
Productus curtirostris Winchell 
Productellaconcentrica Hall 
Orbiculoidea capax White 
Schizophoria swallo¥i (Hall) 
Schizophoria sp. 
Productella numularis (Winchell) 
Paryphorhync\lus transversum Weller 
Compos ita corpulenta (Winchell) 
Spirifer subrotundus Hall 
Syringothyris extenuatus Hall 
Eumetria altirostris White 
Pelecypoda 
Posidoriomya ambigua Winchell 
Grainmysia amygdalinus Winchell 
Gr'atn'mysia plena Hall 
Edmondia aequimarginalis Winchell 
Edmondia hurlingtonensis W. and W. 
Edmondia quadrata W. and W. 
, • Mytilarcaoccidentalis W. and' W. 
Schizodus iowensis Weller 
Goniophora .jennae Winchell 
Pterinites whitei Winchell 
Gastropoda , 
Bellerophon panneus White 
Bellerophon bilabiatus W. and W. 
Murchisonia quadricincta Winchell 
Strophostylus bivolve ,W. 'and W. 
Platyschisma barrisi (Winchell) 
Platyschisina depressa Weller 
Naticopsis depressa Winchell 
Pteropoda 
Dentalium graridaevum Winchell 
Cephalopoda 
Orthoceras indianense Hall 
Orthoceras whitei Winchell 
The following faunal list was made from collections taken I roll I lhe 
abandoned clay pits one mile south of Kalona. 
Brachiop04a 
Orbiculoidea capax (White) 
Schellwienella inaequalis (Hall) 
Productus mesicostalis Weller 
Productus curtirostris Winchell 
Productella numularis (Winchell) 
Chonetes' iIIinoiscmsis Worthen 
Chonopectus fischeri N. and P. 
Schizophoria swallovi (Hall) 
----8 'Weller, Stuart, St. Louis Acad, of Sci., Vol. 10, p , 57, 1900. 
9 Van Tuyl, Iowa Geol. Survey, ' Vol. ,XXX, p. 59, 1922. 
CHONOPECTUS FISCHERI ZONE 
Paryphorhynchus striatocostatum M. and W. 
Spirifer biplicatus Weller 
Spirifer subrotundus Weller 
Spirifer maplensis" Weller 
Eumetria altirostris White 
Athyris corpulenta (Winchell) 
Pelecypoda 
Pteronites whitei (Winchell) 
Mytilarca occidental is (W. and W.) 
Grammysia amygdalinus (Winchell) 
Schizodus iowensis Weller 
Glossites elliptica (Winchell) 
Edmondia jejunus (Winchell ) 
Edmondia quadrata CW. and W.) 
Edmondia burlingtonensis (W. and yv.) . 
Mytilarca fibristriata (W.and W.) 
Leiopteria spinulata (Winchell) 
Aviculopecten caroli Winchell 
" Porcellia obliquinoda White 
Gastropoda 
Bellerophon blairi M. and G. 
Bellerophon panneus White 
Bellerophon bilabiatus W. and W". 
Strophostylus-bivolve (W. and W .) 
Straparollus ammon (W. and W .) 
Straparollus angularis Weller 
Platyschisma barrisi (Winchell) 
Platyschisma depressa Weller 
Agonites opimus (W. and W .) 
Platyschisma missouriensis Weller 
Pteropoda 
Dentalium grandaevurri Winchell 
Cephalopoda ' , 
Orthocel'as whitei ' Winchell 
"Orthoceras indianense Hall 
363 
The English River formation differs considerably in thickness 
throughout the region, owing mainly to the unconfonnity at its top~ 
It is possible to distinguish in the formation different fossiliferous 
zones which must be defined by the" fauna alone because of the similar-
ity of the lithology th1,"oughout~ The maximum thickness of the 
formation in Iowa is about 32 feet. The lower 22 feet of this sec-
tion may be seen at Burlington and the upper part may be seen at only 
a few places along English river in Washington, county. The best 
exposure of this upper part may be seen on the south bank of English 
river at 82 of section '8, Range 8 West, Township 77 North. 
One part of the English River co~ta:ins a faunal assemblage that is 
definite enough to be" used as a datum plane. This will be designated 
as the Chonopectus fischeri ione. This zone is about SIX feet thick and 
is characterized mainly by, a great number of individuals of the 'species 
named. At Burlington the zone is found at the top of the English 
'j 
.. 
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River section and may be found at this same stratigraphic position 
at a number of places in the region. _ However, in the English river 
basin a -considerably different relation is often found. At several 
exposures the zone is missing entirely and at -several other exposures 
it is found to be a considerable distance down in the· section. _ This 
relation is due to the unconform!ty that bevels its surface in this local-
ity. 
The Chonopectus fischeri zone should be estabHshed by paleonto-
logical methods rather than by stratigraphy. Individuals of this species 
crowd the beds of this zone, and associated with this form are found 
great numbers of Chonetes logani. Paryphorhynchus striatocostatum 
occurs only ·rarely outside of- this zone while Spirifer biplicat~tsJ 
Syringothyris extenuatus and Schellwienella inaequalis occur much 
more abundantly in this zone than in any other part of the formation. 
English River at LeGrand.-The English River beds are exposed 
beneath the Hampton formation along Iowa river in the west part of 
Tama county and in the east part of Marshall county. These exposures 
are found at intervals along either side of the river for a distance 
of about two miles from the old mill one mile north of LeGrand 
in Marshall county, to the town qf Butlerville, in Tama county. 
At only one place in the area are English River strata actually 
exposed but their contact with the overlying limestone is marked by 
a line of bog springs, By digging in the bluffs near -these springs 
a contact may often be exposed. In th~ exposure at the old mill a 
mile north of LeGrand about eight feet of greenish shaly material may 
be seen underlying the oolitic limestone. The contact between the two 
formations -appears to be unconformable. None of th~s material is 
f()ssiliterous, s·o it is not possible to state whether it should be classed 
with the Sheffield formation or with the English River. 
At an old quarry at 77 of section 9, Indian Village township, in 
Tama county, an exposure that proved to be very fossiliferous was 
made by digging. The exposure consists of a conglomerate of large 
blocks of English River material. These blocks were all tumbled 
together and cemented with travertine in a striking manner. Fossils 
from many different horizons in the formation were found in these 
blocks. A few of the blocks were almost unfossiliferous while others 
were e~ceptionally fossiliferous. The entire thickness of the forma-
tion at this place was not over three feet, and its contact with a soft 
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bluish green shale was easily exposed by more digging. The break 
between the English ~iver conglomerate and the overlying oolitic 
limestone was very sharp and appeared to be unconformable. 
This conglomerate probably represents blocks of English River 
material that rolled from some nearby elevation into small valleys 
excavated in the Maple Mill or Sheffield formations during the period 
of erosion following the deposition of toe English River. This ex-
posure is over 100 miles northwest of the nearest known English River 
exposures. 
English River fauna collected from the ex posure at 77 of 'Section 9, Indian Village 
township, Tama county. 
Brachiopo,da 
Productus mesicostalis Weller 
Spirifer subrotundus Hall 
Athyris corpulenta (Winchell) 
Pelecypoda 
Posidonomya ambigua Winchell 
Gastropoda 
Bellerophon panneus White 
Bellerophon vinvulata W. and W. 
Bellerophon bilabiatus W. and W. 
Bellerophon sp. . 
Strophostylus bivolve W. and W. 
Bellerophon blairi M. and G. 
Straparollus macromphalus Winchell 
Straparollus angularis Weller 
Platyschisma depressa Weller 
Platyschisma missouriensis -Weller 
Platyschisma barrisi (Winchell) 
. Bucanopsis ,deflectus Weller . 
Phanerotimus paradoxus Winchell 
Euphemus sp. . 
Pteropoda 
Dentalium grandaevum Winchell 
Cephalopoda 
Agooites opimus CW. and W.) 
> Orthoceras whitei Winchell 
Cyrtoceras unicorne Winchell 
The brachiopod and pelecypod elements are noticeably absent in this 
'western development of the English River formation. The most 
abundant species in this fauna is the large Platyschisma miss.ouriensis. 
C orrelation.-The English River has been correlated with the Han-
nibal formation of Missouri by Weller, Van Tuyl, and Moore. Of 
the 28 species of brachiopods found in the Hannibal of Missouri 12 
are found in the English River. Of tpe 15 species of pelecypods found 
in the Hannibal nine are found in the English River. The gastropod 
element in the Hannibal is very small, with only four representatives, 
and of these only one is found in the English River. Two cephalopods 
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are found in the Hannibal and one of these occurs in the English 
River. The English River fauna contains 48 per cent of the Hannibal 
species. 
FIG. 48.-English River exposed at North 
Hill. ,Burlington. Iowa. 
THE HAMPTON FORMATION 
The lower members of the Hampton formation are exposed in the 
southeastern province in Iowa. In this province the Hampton has been 
divided into two members, the North Hill at the base and the 'Nasson-
ville overlying . . 'The North Hill member is named from the road cut 
around North Hill in the city of Burlington, where a complete s'ection 
of the member may be seen. ,The Wassonville member corresponds 
to the Wasson ville limestone as delimited by Bain10 in 1896. 
The North Hill Member 
The North Hill member contains all Kinderhook beds above the 
~nglish River formation and below the brown dolomites of the Was-
sonville member. It corresponds to beds 3, 4, 5 at:J,d 6 of Weller.ll 
Distribution and Thickness.-The North Hill member has a limited 
distribution in the southeastern province and is exposed best in the 
immediate vicinity of Burlington. Exposures may be traced northward 
10 Bain. H. F .• Geo\. of Washington County. Iowa 'Geo\. Survey. Vo\. V, p. 134. 1895. 
11 Weller. Stuart. St. Louis Acad. of SCi.. Vo\. 10. p. 61, 1900. 
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FIG. 49.-Wassonville and North Hill members of the Hampton formation in southeastern Iowa. 
The uppermost 'group of beds is refe~red to ' the Wassonville and ,the, three underlying 
a re referred to the North Hill. Scale : I inch equals 16 feet . 
along the. M.ississippi bluff throughout the entire length of Des Moines 
county. In the lower valleys of the creeks that are tributary to Mis-. 
sissippi river limited exposures of the member J1').ay be seen ... · 
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In Louisa coul1ty the exposures are not so abundant, but they may 
be identified in the valleys of the creeks and along Iowa river bluff as 
far west as Honey creek near Morning Sun. These exposures in 
Louisa county represent only the upper beds of the member. The best 
exposure of the member in this county may be seen in the county quarry 
at 113 of section 23, Range 3 West, Township 73 North. The entire 
section of the North Hill member may be seen here, and its relations 
to the underlying English River and the overlying Wassonville are 
clearly shown. At this point the member is only eight feet thick. 
The North Hill member is approximately 20 feet in thickn!!ss at 
the city of Burlington, but as it is traced to the north and west the 
lower layers pinch out against the underlying English River forma-
tion. In the lower valley of Smith creek in Louisa county it is only 
15 feet in thickness and slightly farther west on Honey creek it is only 
eight feet thick. In the lower valley of Long creek south of, Columbus 
J unction it cannot be distinguished from the overlying Wassonville 
dolomite. 
Lithologic Character.-Lithologically the North Hill member is not 
a unit at all. It consists of an oolitic limestone at the base, followed by 
a semi lithographic limestone,. followed by a ' sandstone, and capped 
with an oolitic limestone. 
The units of the North Hill member have been given zone names 
. for· the most prominent fossils which they contain. These zones corre-
spond to the beds described by Weller12 in 1900. The .following table 
gives the zone names and their equivalents. 
4. The Schellwienella zone is named for ScheZlwienella planumbona 
Weller, which characterizes the zone. This.z,?ne is equivalent to 
the oolitic bed 6 of Weller. 
3. The Palaeoneilo zone is named for Palaeoneilo barrisi CW . . and 
W.) ,' which occurs abundantly in the horiion. This zone is 
equivalent to the yellow sandstone bed 5 of Weller. 
2. The Paryphorhynchus zone is named for Paryphorhynchus 
striatocostatum M. and W., which occurs most abundantly in the 
zone. It is equivalent to the mottled limestone bed 4 of Weller. 
1. The Chonetes zone is named for Chonetes gregarius Weller, 
which crowds certain parts of the horizon. This zohe is equiva-
lent to bed 3 of Weller. 
The Chonetes zone consists of dark, bluish black thin-bedded lime-
12 Weller , Stuart, St. Louis Acad. of Sc i. , Vol. 10, p. 61, 1900. 
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stone that is in places oolitic in its upper 'part. The zone is nowhere 
over nine inches in thickness and is usually filled with more or less 
fragmented fossils. 
The Paryphorhynchus zone is a semilithographic limesto:ne whose 
lithology is quite similar to that of the upper ledges of the Chouteau .at 
Newark, Missouri. The peculiar coloration of this zone makes · it 
easily 'distinguishable throughout the region. It appears everywhere 
as an uneven mottled thin-bedded drab and brown limestone. Each 
of its individual beds is made up of irregular zones of yellowish drab 
limestone and darker zones of brown limestone. These color variations 
are closely spaced within the beds, giving the limestone an irregular 
- mottled appearance on a vertical face. The material is hard, breaks 
with a conchoidal fracture and is very resistant to weathering. 
This limestone is ·almost · identical in lithologic chara~ter with the 
Louisi;ma limestone.. For this reason it has been thought to be a 
northern extension of this limestone body. The fauna, however, shows 
definitely that this is not true. : 
The Palaeoneilo zone consists of about six feet of soft yellow rather 
thin-bedded sandstone. ~nder the microscope the materi~l may be seen 
to consist of irregular particles of pure quartz mainly' of the silt size . 
.The cementing material is calcite and limonite. Lithologically the ma-
terial resembles very much the English River. 
The Schellwienella zone consists of about three feet of hard gray 
rather thin-bedded fossiliferous oolitic limestone. The zone is rather 
constant in thickness over the whole . area of exposure . . 
Stratigraphy.-The North Hill member lies disconformably on the 
English River formation. The unconfor~ity is.not well shown in this 
immediate region of the sou,theastern province because of a lack of 
exposures in which the contact between the North Hill member and the 
English River formation may be seen. 
The North Hill member can be demonstrated to overlap on to the 
English River surface. Each of the zones from the base upward may 
be traced a little farther . to the northwest. Only the upper zones of 
the member are present in Louisa county. In Washington county the 
Wassonville member lies directly on the English River. 
The North Hill member underlies the ' Wassonville member con-
formably. The. lithologic break between the oolitic limestone of the 
'N orth Hill member and the dolomite of the Wassonville member is 
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sharp, but the fauna continues into the overlying beds with little or no 
break 
Paleontoif!gy and Correlation.-The fauna of the North Hill mem-
ber has been listed by Wellerls in 1901, by Van TuyJ14 in 1922 and by 
Mbore15 in 1928. 
This fauna is quite closely related to that of the underlying English 
River formation. There are 88 species listed from the underlying 
English River and Maple Mill formations in I~wa and 22 of these 
are found in the North Hilt' member. When the entire faunal as-
semblage is considered these species must be regarded as holdovers in 
the new formation from the English River. The Chouteau element is 
by far the most prominent in the fauna. 
The North Hill fauna contains a large number of species that occur 
in the fauna' of the Chouteau at Newark, Missouri. Moore has listed 
71 species from the Newark beds and of these 24 are found in the 
North Hill member. There are 38 brachiopOds present in the Newark 
fauna and of these 17 occur in the North Hill fauna. 
The North Hill member contains most of the 'common index "fossils 
of the members of the Hampton formation that overlie it. The fauna 
of the Chonetes zone is small arid helps very little in correlation. The 
fact that it is a limestone woulq tend to pl~ce it in the Hampton forma-
tion rather them in the English River because the English River has ,no 
limestone whatsoever. The occurrence of Rhipidomella burlington-
'ensis also suggests the Hampton formatiori. 
The fauna of the Paryphorhynchus zone also is limitep. Parypho-
rhynchus striatocostatum and Rhynchopora pustulosa occur abundantly 
in the zone and both are characteristic fossils of the Hampton forma-
tion. The .lithology of this bed is very similar to that of the upper 
pa~t .of the Chouteau section at Newark, Missouri. , 
The Palaeoneilo zone contains a very abundant fa.una in which are 
found for the first time many of the index species that range through-
out the entire Hampton formation. The presence of S pinter platy-
notus, C amarophor'ella lenticularis, Produc.tus arcuatus, Leptaena 
analoga, Reticularia' cooperensis, and Bucanopsis perelegans is very 
characteristic of. the Hampton formation and an important number of 
these species are found in the Chouteau of Missouri. On the basis of 
18 Wel·ler, Stuart, St. Louis Acad, of Sci., Vol. n. p. 147, 1901. 
14, Van Tuyl, F. M., Iowa Geol. Survey, Vol. XXX. p. 58, 1922. 
15 Moore, R. c., Missouri Bur. of Geol. and Mines, Vol. 21, 2d Ser. , p. 25, 1928. 
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thes'e Chouteau species th'ese lower three zones are correlated with some 
portion of the Chouteau of Missouri rather than with the Hannibal. 
The Schellwienella zone has been correlated by Moore16 with the 
Chouteau. The fauna contains many species that are characteristic of 
both the Chouteau of Missouri and the Hampton of Iowa. , Schell-
wienella infiata, Leptaena analoga, Chonetes logani, Productus arcuatus 
and Productella, concentrica are characteristic of the Missouri Chouteau. 
Spirifer platynotus, Schellwienella planumbona; Productus arcuatus, 
Athyris crassicardinalis and Straparollus obtusus are characteristic of 
I 
the Hampton of Iowa. . 
The North Hill member is seen again in the north-central province' 
-at LeGrand, in Marshall county. Here the cherty Wasson ville member 
is underlain by 18 feet of gray ·oolitic limestone that contains a fauna 
very similar to the fauna of the Schellwienella zone of the North Hill . 
member. Farther north in Franklin county the North Hill member is 
represented by the Chapin, which consists of about 30 feet of .hard . 
gray limestone overlain by oolitic limestone. The Chapin section prob-
ably has beds in its base which are older than the North Hill member. 
It is difficult to state just which part of the Chouteau of Missouri 
the North Hill member represents. Lithologically the base of the 
North Hill resembles the upper part of the Chouteau at Newark, Mis-
souri. It is the opinion of the' writer that the North Hill member is 
equivalent to the upper part of the Chouteau of Missouri. 
The Wassonville Member 
Distribution and Thickness.-The Wassonville member is exposed 
quite extensively in the southern province. In the nQrthern province 
its -equivalent horizon, the Maynes Creek, also is very well exposed. 
In the southeastern province the Wassonville member may be seen 
capping the oolitic limestone of the North Hill member··and underlying 
the Lower Burlington limestone in all of the exposures in the vicinity 
of Burlington. It is exposed at a number of places along the bluffs I 
of Mississippi river in Des Moines county. In Louisa county it is very 
well developed along the southern bluff of Iowa river and in the 
adjacent creek valleys: The best exposures are along the bluffs of ' 
English river in Washington · county, where the type sections are 
located. The type section from whence the -name is derived is located 
at the old Wassonville mill on the south bluff of English river two miles 
16 Moore, R. C., Missouri Bur. of Geo!. and Mines, Vo!' 21, 2d ·Ser., p. 22, 1928 . . 
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north of Daytonville. To the west of Washington county the Wasson-
ville is very poorly exposed in the southeastern province. The Wasson-
ville cherts may be seen occasionally in the creek heds but for the main 
part th~ exposures are missing. The northernmost exposure of th~ 
Wassonville in the southeastern province is at the · town of Amana, in 
Iowa county. Here ~bout 15 feet of yellow dolomite filled with fossil-
iferous chert may be seen in the exposure on Price creek in the northern 
part of the town; 
The maximum thickness of the Wassonville member is about 45 
feet. It very likely once had a much greater thickness, as concentrates 
of chert are usually found capping its sections. Its equivalent member, 
the Maynes Creek, in the northern province attains a much greater 
thickness. The thickness of th,e member differs considerably in :the 
area owing to the presence of unconformities botH-above and below. 
T4e minimum thickness of the member may be seen in the vicinity of 
Burlington, where it is in very few places over .five feet thick. 
. Lithologic character.-The main portion of the Wasstmville is a 
brown massive dolomite in which the beds would average over a foot 
in thickness, with the exception of the. upper ledges. The solubility 
of the material runs up as high as 94 ·per cent. Micr:.0scopically the 
materiCj;l consists of many dolomite rhombohedrons cemented together 
with calcite and lim<;>nite. The maximtlm sizes belong in the 1/16 to 
1/32 mm. size grade, which places the materi,al among the silts. 
The Wassonville.is particularly characterized ·by its chert bands, 
which may be white, black or banded. At least 95 per cent of the chert 
would be ·considered as white, however. Between most of the bedding 
planes may be seen long lenticular masses of chert that at some places 
appear to be continuous and at others are represented by a discontinuous 
row of nodules. These chert masses are in most cases crammed with 
fossils. In a few of the exposures the chert has weathered to .a crumbly 
mass of white powder and in these expo~ures it is very easy to obtain 
the fauna. The chert ·bands:range in thickness from about eight inches 
to less than two. 
Stratigraphy of the Wassonville member.-The Wassonville mem-
ber conformably overlies the North Hill member in the southeastern 
part of the province. However, in the English river basin in Washing-
ton county the Wassonville .overlies the English River directly and:is 
disconformable. Evidence will be given to show that the Wassonville 
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overlies the Maple Mill directly at'some places although the actual con-
tacts 'are not exposed. The Wassonville also overlies, the Sheffield 
directly in one exposure in the southeastern , province. 
The Wassonville member contains a series of white chert bands that 
can be definitely distinguished from each other by their distinctive 
faunas. In the English river basin are four of these chert bands that 
occupy rather definite stratigraphic horizons. The uppermost of these 
, four bands carries a fauna that may be very easily recognized and will 
therefore be used as a datum plane over a short distance in the English 
river basin. 
The upper chert band that is to be used as a datum prane ~ay be 
-distinguished from the other three very easily. It is composed mainly 
of fragmented stems and plates of crinoids. Plates of several species 
of Platycrinus, a Rhodocrinus and a Cactocrinus may be distinguished. 
Intermingled with the crinoidal fragments may be seen other species 
that are characteristic of this chert band alone. A small form of 
Leptaena analoga occurs very abundantly and appears to be confined 
to this horizon. Two species of Rhombopora, two of Cystodictya and 
one of Fenestella are very common in the horizon. The presence of 
the crinoidal material, the numerous bryozoa, and the small form of 
L e.ptaena are definite indications of this horizon within the English 
river valley. 
The English ' River-Hampton unconformity.-The English River 
formation of Iowa has been thot~ght by m~ny to underlie the limestones 
of Hampton ' age conformably. 'N 0 previ~us writer has placed a dis-
conformity between the English River and the upper limestone ' of 
Kinderhook age. No break of any kind.is recognized between the Han-
nibal and Chouteau formations of Missouri. The . Hampton of Iowa 
is equivalent to part of the Chouteau of Missouri and the English 
River has been correlated with the Hannibal. 
It is one of the purposes of this paper to demonstrate the unconform-
·itybetween the ,English River formation and the overlying Hampton 
formation. It should be kept in mind that the author is dealing only 
with the strata that are exposed in Iowa and that this unconformity 
need not be projected into Missouri. It is evident that the faunas of 
the English River and Hampton formationsar.e very, Closely related 
and that at some place there waS continuous sedimentation between the 
two formations. It is possible that although there is a marked break 
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between the for.mations iri Iowa there might have been continuous 
. deposition in 'Missouri. Furthermore the unconformity that exists at 
the base of the Hampton formation is much more sharply marked in 'the 
northern part of the state than in the southern. 
The Hampton formation overlaps on to beds of older age. In the 
southeastern province it overlaps on to the English River surface and 
the Maple Mill surface, and finally at a few localities it may be seen 
resting directly on shales of Sheffield age. In the north-central province 
the Hampton rests on the English River ·at one locality iri the very 
southern part of the province. At all other places in the north-central 
province it rests unconformably on different inembers of the Sheffield 
formation. 
The faunal break between the two formations is not at all sharp at 
Burlington. Several species found in the English River at Burlington 
continue on into the North Hill member. At all other localities in Iowa 
the faunal break is very sharp, The sharp faunal break was one of the 
direct causes for the work that has been done on this contact. 
It is obviou,s that ' it would not be possible to determine such an un-
conformity by direct observation on the sections. The largest and best 
exposures are seldom over a score of feet in length, . The presence of 
the thick overlying drift in Iowa forces the stratigrapher to use fossil 
zones in determining his horizons and therefore definite life zones ~ave 
been established in both the English River and Hampton formations . 
. rt is larg~ly through the tracing of these life zones areally that ,this 
unconformity has been established. , 
The zones of the· North Hill member pinch out against the English 
River surface to the northwest ,of Burlington. The member is known 
to definitely overlap on to the English River, for each of the zones in 
order from the base upward may be traced a little farther to the north-
west. The Chonetes zone .may be distinguished only in the immediate 
vicinity of Burlington. The Paryphorhynchus zone is exposed in the 
valleys of the creeks that enter Mississippi river in the northern part 
of Des Moines county. It is represented by a thin dolomitic bed in 
a few of the easternmost creek valleys that enter Iowa river in Louisa 
county, Both Palaeoneilo and Schellwienella zones · may be seen on 
Smith creek below the wagon bridge at 46 of section 31, Range 3 West, 
Township 73 North. The Schellwienella zone is exposed in the lower 
valley of Honey creek to the north and east Of Morning Sun. In the 
.. 
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valley of Long creek south of Columbus Junction the whole North Hill 
member is represented by five feet of brownish dolomite. In the 
English river valley in Washington county none of the North Hill 
member is present. 
The unconformity between the two formations is very well shown in 
the English rl,ver valley. At all known exposures in this area the 
Wassonville rests on the English River. Descriptions will be given of 
the relations between the two ' formations at Jour different localities 
along English river from Kalona to the .old Wassonville mill, which is 
six miles up English river from Kalona. 
_ The Kalona clay pit section is located on the south bluff of English 
river at 11 of section 19, Range 7 West, Township 77 North. About 
six feet of English River gritstone may here be seen overlying the 
Maple Mill shales and underlying about ten feet of Wassonville dolo,.. 
mite. The English River material is all below the Chonopectus fischeri 
zone and represents only the lower blue-gray ledges, which are filled 
with molluscs. The basal portion of the Wasson ville consists of about 
six feet of soft blue-gray shale filled with irregular chunks of English 
River gritstone. In this clay pit the shale bed ranges from six feet to 
less than two feet in thickness and carries the characteristic Wasson-
ville fish fauna in its base. Only occasional fish teeth may be found at 
this locality, but at certain other localities in the immediate vicinity 
fish tooth conglomerates may be found at this horizon. This shale 
consists of material from the Maple Mill and English River surfaces 
that has been reworked by the encroaching Hampton sea and con-
centrated in the base of the Hampton. The basal portion of the dolo-
mite which overlies this shale has present in it a considerable· amount 
, of reworked English River grit. 
the contact of the Wassonville member with the English River is 
eight ' feet below the crinoidal chert band of the ·Wassonville. The 
typical Wasson ville ' dolomite ends two and one-half fe'et below the 
crinoidal chert band. 
The second section is located on the south bank of English river 
about one hundred feet downstream from the wagon bridge at 81 of 
section 8, Range 8 West, Township 77 North. At this point about 20 
feet of English River material may be seen overlying the Maple Mill 
shale and underlying the Wassonville. The English River section in-
cludes the entire Chonopectus fischeri ZOne and eight feet of material 
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·that lies above this zone. The upper surface of the Engli1!h River, 
on which the Wassonville rests, is filled with solution' pits and the whole 
upper part is of a peculiar reddish color that probably: was caused by 
weathering be.fore the deposition of the Wassonville. The contact of 
the English River with the Wassonville at this point is three feet 
below the upper crinoidal chert band of the Wassonville.17 
The basal six inches of the Wasson ville in this second section con-
sists of reworked English River material mixed with dolomit.e. I.;itho-
logically it is almost identical with the true English River materiaL 
It contains a remarkable fish fauna and also an invertebrate fauna that 
is typically Wassonville in age. These fish remains are often concen.-
trated immediately on the contact between the two formations. but 
occasionally they occur slightly above the contact. The English River 
surface is full of solution pits and in these pits are. concentrated scores 
of fish teeth, plates an~ spines. 
N ext above the fish tooth bed may be seen about' ten inches of 
reworked Maple Mill shale filled with fragments of English River 
material. The presence of Maple Mill shale in the Wassonville section 
shows that at .some nearby place erosion had cut entirely through the 
English River into the Maple Mill and that the encroaching Wasson- ' 
ville ' sea was rehandling the material and depositing it in its basal 
ledges. 
The true Wassonville 'dolomite begins just above this shale bed. 
The lower par:t of the dolomite. contains large amounts ,of reworked 
English River material but attains its true dolomitic character a short 
distance above its contact with the shale. The base of the dolomite con-
. . . 
tains a few scattered fish teeth and an invertebrate fauna of 37 .species. 
The third section is located one mile up ' English ' river from the 
second section in an abandoned quarry on the north bluff of the river 
at 69 of section 6; Range 8 West, Township- ·77 North. Thecontact 
of the English River with the Wassonville is not:exposed in this quarry 
but may be seen a few rods downstream. It 1S assumed that the quarry 
floor is very n~a:r the contact. In this quarry' there are 26 feet of W as-
sonville dolomite below the crinoidal chert band.' All four of the 
chert bands are present. 
A short distance downstream on the same side of the . river the 
17 A small quar ry a t 399 of Sect ion 16, Range 8 W est , T ownsh ip 77 North, a pproximately 
half way- b et ween the ' Ka lon a clay pit and the secon d section , shows three chert bands a n d 
t welve feet of Wassonv ill e dolomite u nderlying the' crino idal chert ban d. 
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contact of_ the English River with the Wasson ville is exposed. The 
Wassonville at this point rests directly on the Chonopectus fischeri zone 
and only about 12 feet of dolomite is present below the crinoidal 
chert zone: . I 
The fish tooth bed is present again in the · base of the Wassonville. 
These fish teeth are present in the base of the _ Wassonville in nearly 
all of the exposures, but at none of them are the teeth located at exactly 
the same stratigraphic horizon. Evidently the fish were washed ashore 
after death and rolled back and forth in th~ waves until they were 
broken to fragments. This action woulcL concentrate their remains 
directly on the cOr-ttact between the two formations and would explain 
_also their varying stratigraphic position. Fish teeth occur all through 
the Hampton formation, but at no place except at the base of the forma-
tion. are they gathered into typical fish tooth conglomerates. 
The Wassonville Mill section is located on the south bank of English 
river one mile north of Daytonville. This section shows practically 
th,e same relation to the English River as the last · described section. 
Twenty-five feet of Wassonville dolomite may be seen below the crinoi-
dal chert horizon. The Wassonville quarry is still in operation and 
this fact makes possible the collection of large numbers of fossils from 
the soft chert nodules that are · thrown aside during the quarrying 
.operation. 
, The Wasson ville ·section shows fairly well the relation of the upper 
part of the section to the Maynes Creek member of the same age in 
the northern province. Above the typical section may be seen about 20 ' 
feet of fragmented chert. and ~eathered dolomite which were concen-
trated at the top of the section .by weathering of the dolomite. The 
Wassonville of the southeastern province was probably as thick as the 
Maynes Creek of the northern province. 
The Wdssonville at Amana.-The Wassonville dolomite is exposed 
. in the northern part of ·the town of Amana, in Iowa county. The ex-
posure is located within the city limits in the south bank of Price creek 
about 50 feet downstream from the bridge. At this point abou·t 15 feet 
of Wassonville dolomite carrying its typical chert bands may be seen 
overlying the blue dolomitic shales of the Sheffield form3;tion. The blue 
dolomitic shales carry a typical Sheffield fauna. The Wassonville dolo-
mite has overlapped the English River and the Maple Mill and in this 
section rests unconformably on the Sheffield. Shales in thicknesses as 
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FIG. SO.-Kinderhook Correlation Chart for Southeastern Iowa (Crinoidal chert band- in top of 
Wassonville is used for a datum plane). Vertical 'scale: 1 inch equals 100 feet. 
5. Wassonville member. 
4. North Hill member. 
- 3. English River format ion . 
2. Maple ¥iII formation. 
1. Sheffield format ion. 
A, Burlington. 
B. Long creek, southeast of Columbus Junction. 
C. Kalona clay pit, one mile south of Kalona. 
D. Abandoned quarry, at 29 of Section 16, Range 8-West, Township 77 North. 
E. Section 2 at 81 of Section 8, Range 8 West, Township 77 North. 
F. Wassonville Mill section. 
G. Section at Amana. 
H . Section at LeGrand: 
much as 175 feet that have been referred to the Maple Mill are found -
in well -sections to the south and west of here. The English River is 
actually exp~~ed over 100 miles northwest of Amana. It would seem 
that a large amount of erosion must have taken place bef<;>re the Was-
sonville could have been deposited directly on the Sheffield in this 
region. 
The English River of Marshall and Tama coun#es.-The English 
River is exposed along Iowa river in the eastern part of Marshall 
county and in the western part of Tama county. It consists here of a 
conglomerate of large blocks cemented with travertine. The con--
glomerate represents blocks of English River material that had tumbled 
down into a small valley that had been eroded in the Maple Mill or 
Sheffield formations before the deposition of the Hampton. 
In this section may be seen ' 18 feet -of oolitic limestone ·that is -
e,quivalent to the upper part of the North Hill member at Burlington. 
This oolitic limestone overlies the English River and is overlain by the 
typical brown dolomites filled with chert bands. 
I . 
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Suinmary of the evidence for the English River-Hampton unconformity. . 
. 1. The Hampton formation overlaps and rests on three different 
fonnations. 
2. Abrupt changes in the thickness of both the upper part of the 
English River and the base of the Ham~ton are seen. 
3. The North Hill member occupies a low in the English River 
surface. 
4. The oolitic limestone at LeGrand also occupies a valley that was 
eroded befqre the d~position of the oolite. 
S. The fish 'tooth conglomerate is developed along the shore line 
of an encroaching sea and occupies many different horizons 'in 
the Wassonville. 
6. Reworked material from underlying formations is found in the 
base of the Hampton. 
7. The upper surface of the English River is in places leached and 
covered with solution pits. 
In the s~utheastern province the \Vassonville member is unconform-
ably overlain by the Burlington limestone, which overlaps on to ' t~e 
eroded Wassonville surface. The different zones of the Burlington 
limestone are easily identified and each of thes~ zones in succession 
from the base upwards may be seen in contact with the Wassonville 
from Burlington to Wasson ville. In the bed of the first creek that 
enters Iowa river above the V.,r assonville mill the tipper zone of the 
Upper Burlington limestone may be seen in contact with the Wasson-
ville. In the basin of Long creek, south of Columbus Junction, the 
green limestone zone that marks the lower part of the Upper Burling-
ton may be seen in contact with the \Vassonviqe. Farther to the south 
·the zones of the Lower Burlington may also be seen in this Telation. 
The Wassonville increases in thickness correspondingly as the. Bur-
lington decreases throughout this distance. ' At Burlington it is six 
feet in thickness and to the northwest the thickness gradually increases. 
Paleontology and Correlation.-The fauna of the Wassonville cherts 
has proven to be the most prolific of the entire Hampton formation 
and it marks a definite horizon that is easily recognized throughout 
both provinces. The chert fauna is particularly desirable because of 
the excellent preservation of the fossils found in it. 
Fossils are found also throughout the dolomite in which this chert 
occurs. In the dolomite, however, the fossils are represented only by 
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very poor casts~ In the base of the dolomite where much reworked 
Eng1ish River grit is found the casts are much 'better. 
Complete F alma of the Wassollville Member 
Zaphrentis cliffordana E. and H. 
Platycrinus sp. 
Platycrinus sp. 
Rhodocrinus sp. 
Leptaena analoga (Phillips) 
Schell wienella inaequalis (Hall) 
Schellwienella planumbona Weller 
Schellwienella crenulicostata Weller 
Schellwienella inflata (White and Whitfield) 
Schellwienella sp. 
Streptorhynchus sp. 
Chonetes logani Norwood and Pratten 
Chonetes illinoisensis Worthen 
Chonetes glenparkensis Weller 
Chonetes multicostata Winchell 
Productus ovatus Hall 
Productus arcuatus Hall 
Productus sp. 
Productella concentrica (Hall) 
Rhipidomella thiemei (White) 
Schizophoria subelliptica (White and Whitfield) 
Schizophoria chouteauensis Weller 
Camarotoechia chouteauensis Weller 
Camarotoechia tuta (Miller) . 
Dielasma chouteauensis Weller 
Cranaena occidentalis" Miller 
Rhyrichopora pustulosa (White) 
Spiriferina solidirostris (White) 
Spiriferina subtexta (White) 
Spiriferina sp. 
Spirifer legrandensis Weller 
Spirifer platynotus Weller 
Spirifer biplicoides Weller -
Spirifer louisianensis Weller 
Spirifer sp. 
Brachythyris peculiaris (Shumard) 
Syringothyris halli (Winchell) 
Cliothyridina sp. 
Reticularia cooperensis (Swallow) 
Eumetria osagensis (Swallow) 
N ucleospira barrisi White 
Trigeria sp. 
Cardiopsis radiata M. and W. 
Palaeoneilo barrisi W. and W. 
Edoiondia jejunus Winchell 
Gr.ammysia amygdalinus Winchell 
Nucula iowensis Weller 
Nucula glenparkensis Weller 
Leda sacata (Winchell) 
Liopteria subovata M. and 'G. 
Schizodus trigonalis Weller 
Schizodus sedaliensis M. and G. 
Aviculopecten sp. 
Pernopecten cooperensis (Shumard) 
Pernopecten sp. 
FOSSILS FROM W ASSONVILLE DOLOMITE 
Cypricardiniasulcifera (Winchell) 
Sphenotus sp. 
Belterophon blairi Winchell 
Bucanopsis perelegans W. and W. 
Bucanopsis sp. 
Strophostylus bivolve W. and W . 
Porcelli a sp. 
Platyschisma depressa Weller 
Straparollus lens Hall 
Straparollus macromphalus Winchell 
Phanerotinus paradoxus Winchell 
Loxonema sp. 
Loxonema sp. 
Pleurotomaria sp. 
Murchisonia sp. 
Murchisonia sp. 
Euphemus sp. 
Euphemus sp. 
W orthenia sp. 
Warthia sp. 
Aclisina sp. 
Holopea conica Winchell 
Goniatites sp. 
Orthoceras indianense Hall 
Gyroceras sp. 
Dentalitim grandaevum Winchell 
Proetus sp. 
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The following fauna was collected from the Wassonville dolomite 
about eight inches above its contact with the English River at 81 of 
section 8, Range 8 West, Township 77 North. 
Schellwienella crenulicostata Weller 
Schellwienella planumbona Weller 
Schellwienella inaequalis (Hall) 
Schellwienella sp. 
Streptorhynchus sp. 
Chonetes log-ani Norwood and Pratten 
Chonetes .sp. 
Productus arcuatus Hall 
~roductella cf. concentrica (Hall) 
Rhipidomella thiemei (White) 
Schizophoria subelliptica (W. and W.) 
Schizophoria chouteauensis Weller . 
Spirifer platynotus Weller 
Spirifer biplicoides Weller . 
Spirifer louisianensis Weller 
Brachythyris ·peculiaris (Shumard) 
Syringothyris halli (Winchell) 
Cliothyridina sp. . . 
Reticularia cooperensis (Swallow) 
N ucleospira barrisi White 
Edmondia ;e;unus Winchell 
Palaeoneilo barrisi W. and W. 
Cardiopsis radiata M. and W . 
Elymella missouriensis M. and G. 
Pernopecten cooperensis (Shumard) 
Sphenotus sp. 
~chizodus sp. 
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Bellerophon blairi Winchell 
Bucanopsis perelegans W. and W. 
Bucanopsis sp. 
Strophostylus bivolve W . and W . 
Phanerotinus paradoxus Winchell 
Straparollus sp. 
Loxonema sp. 
Loxonema sp. 
Orthoceras sp. 
Gyroceras sp. 
The Wassonville ~auna is ~ery definitely a late Kinderhook fauna. 
The most common species found in the Wassonville occur also in the 
Chouteau of Missouri. On the basis of this Chouteau fauna the Was-
son ville is correlateq with some portion of the Chouteau of Missouri. 
There are forty species in the Wassonville fauna and of these forty, 
twenty-two are found in the Chouteau at Newark, Missouri. There 
are twenty-nine species of brachiopods in the Wasso'nville fauna 'and 
twenty of these are found in the Chouteau at Newark. 
The most abundant species in the Wa~sonville fau~a are Chonetes 
multicostata, S pirifer platynotus, Productus arcuatus and Straparollus 
macromphalus. ' 
Type Sections in Southeastern Iowa 
, Section of Kinderhook beds at Prospect Hill, Burlington (After V an T uylj 
. , 
FEET 
7. Limestone, soft. buff to brownish. dolomitic; with casts of fossils; 
grading up into the lower Burlington limestone .. . ......... . ...... 5' 
.6. Limestone, white, oolitic, scaling off obliquely on weathered surfaces 3 
5. Sandstone, soft, fine-grained, drab weathering buff, shaly in upper 
part; some seams filled with casts of fossil shells; bearing occasional 
plant remains . .. . .. ... . . .. . ... .. . .. . . .. . . . ... . ... . .. .. .. . ...... 6 
4. Limestone, upper one or two feet brownish and dolomitic. Lower 
layers consisting of dense gray lithographic-like limestone mottled 
with small patches of dolomite which in some instances follow small 
fractures. Small calcite geodes occur in the dolomitic areas, and 
occasional pockets of sphalerite appear in both the limestone and the 
dolomite ... . . . . ... .. ... .. . . . . . .. . ... . .. .. .. .. .. . .. ... . .. . '. . . . .• 10 
3. Limestone, lower half coarse-grained and filled with Chonetes. Up-
per half oolitic. Upper surface very undulating, although there is a 
transition from oolite into limestone above. Contact with bed 
below in places irregular . . ....... . . .. ... . ... . .. . .. .. .... .. . : . ... % 
2. Sandstone, fine-grained, soft, drab weathering buff, massive; with 
occasional thin intercalated layers of shale; upper two feet filled , 
with casts of fossils, most abundant of which is Chonopectus fischeri 22~ 
1. Shale, bluish, argillaceous, locally calcareous, drab, sparsely fossilif-
erous, grading .into beds above. The greatest thickness of this bed 
is in the old clay pit where 19 feet is shown. Between the bed of 
the pit and the level of Mississippi river, about 14 feet more is 
concealed. The total thickness of this ' member at Burlington, as 
indicated by deep borings, is probably not less than 300 feet . Exposed. 19 
SECTION AT W ASSONVILLE MILL 
Section Exposed at Clay Pit, Kalona 
FEET 
Wassonville 
4. Dolomite, brown, fractured, containing one chert band, fossiliferous, 
basal part containing much reworked English River grit ..... ...... 5 
3. Shale, blue to gray, soft, unctuous, carrying chunks of English River 
grit. Numerous fish teeth in base. .. . ........ . . . .... . .... ....... 6 
English River 
2. Gritstone, blue to gray, massive, very fossiliferous .... ........ . .. .. 5 
Maple Mill 
1. Shale, deep blue to gray, very soft, unctuous, carbonaceous and 
stained at top, filled with pyrite in 19wer part, unfossiliferous ...... 14 
Section Exposed on SOltth Bank of English River at 81 of sectiOI$ 8, 
R. 8 w., Twp. 77 N. 
Wassonville 
5. Dolomite, brown, massive, carrying one fossiliferous chert band; 
gray at base, containing much reworked English River grit. Fos-
siliferous at base carrying fish teeth and many invertebrates ........ 7 
4. Shale, blue to gray, soft, unctuous, containing chunks of English 
River grit. Scattered fish teeth .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 
3. Gritstone, gray to yellow, earthy, discontinuous, undulating on lower 
surface, crowded with fish remains on its lower surface " .... , . . . . . . ~ 
English River 
2. Gritstone, reddish in top, gray to blue in lQwer part, very massive, 
filled with casts of fossils . .... . .................... . .. .......... 15 
Maple Mill 
1. Shale, ,blue to gray, soft, unctuous, unfossiliferous, filled with lumps 
of pyrite ......... . .................................... ..... . .. .. 12 
Section Exposed at the Wassonville Mill 
10. Dolomite, brown, earthy, weathered to a powder, containing frag-
mented chert and a few large crinoid stems .............. .. .. . .... 10 
9. Chert, white, nodular, discontinuous, filled with crinoid stems and 
many ,bryozoa ....... . .... . ............................. . ....... 7:4 
8. Dolomite, brown to buff, thin-bedded, mottled .... . . :.............. 8 
7. Chert, white, nodular, discontinuous, very fossiliferous, filled with 
Productus arcuatus .. . . . ... . ....... ,......................... ... ~ 
6. polomite, brown to buff, very massive ....... . .................. . . 4 
5. Ch~rt, white, nodular, discontinuous, very fo~siliferous, filled with 
Chonetes multicostata and many molluscs . . . ......... . . , . .. .... ... ~ 
4. Dolomite, 'brown to buff, mixed with brown shale, lower ledge mas-
sive , .. ,., . . ,.",.,',. . ............ , . , , . .. .......... 10' 
3. Chert, white, hard, nodular, fossiliferous ........ : .. . ....... ,...... ~ 
2. Dolomite, brown to buff, mixed with gray English' River material 4 
English 'River 
1. Gritstone, gray to blue, thin-bedded, filled with casts of fossils 10 
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The . North-Central Iowa Province 
INTRODUCTION 
The Kinderhook of the north-central Iowa province has a c(;msider-
ably different development from that in the southeastern part of the 
state. The lower portion of the Kinderhook, including the Sweetland 
Creek, the Maple Mill and the English River formations, is mi~sing in ' 
the great part of the northern province. 
DISTRIBUTION AND THICKNESS 
The entire development of the Kinderhook in the northern province 
may be assigned to the Hampton formation, with the exception of one 
small exposure of the English Rjver formation in the southern part 
of the province in Marshall . county . . 
The Hampton formation reaches a much greater development in the 
northern central ~rea Jhan in the southeastern part of the state. Its 
maximum thickrtess reaches as much as 275 feet. The lower parts of 
this formation in north-central Iowa correspond roughly to the Hamp-
ton of the southeastern province, but the upper part of the Hampton 
is not represented in the southeastern provit;lce. 
A ·complete section of the Hampton formation may not be seen at 
anyone place in the northern province. The lower part is best exposed 
in Franklin county along Maynes creek, south of Hampton, and the 
upper members of the formation may be seen along Iowa river in 
Hardin county, between Eagle City and Alden. By 'visiting these two 
localities a cdmplete section of the formation may be seen. Exposures 
of the Hampton formation may also be seen in the southwest corner 
of Buder courity. The greater part of the western· half of Grundy 
county is untlerlain by rocks that belong to the Hampton formation, 
but these are almost entirely obscured by the drift. In the eastern 
part of Marshall county along Iowa river very good exposures of the 
lower beas of the formation may be seen. 
LITHOLOGIC CHARACTER 
The basal member of the Kinderhook of the north-central province 
consists of hard gray thin bedded fossiliferous limestone that resembles 
very much the lower gray ledges of the Chouteau at N ewark,Missouri. 
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This basal member contains in its upper part ,an oolitic member which 
is , occasionally replaced by dolomite. 
The next member in the section consists of soft yellow to brown 
dolomite layers interbedded with much hard flinty chert. This chert 
is usually white but is occasionally yellow or ev~n' black. This member 
is fairly massive at the base and is more thinly bedded towards the 
top. The chert bands also are much more numerous near the top. 
This cherty dolomite me'mber is followed by a third member, which 
consists.. of brown banded limestone, oolitic limestone, massive brown 
dolomite, hard white lithographic limestone and hard gray oolitic lime-
stone. This third member is very ~ariable in character. 
The upper member is '" of hard massive brown dolomite at the base 
and thin-bed9,ed dolomite at the top. 
STRUCTURE 
The Kinderhook rocks of north-central Iowa are essentially hori-
zontal strata. They dip to the southwest with very low slopes that 
, average about 12 feet per mile. Insignificant minor folds are occasion-
ally to be seen along the faces of exposures. 
The belt of outcrop is determined roughly by this gentle dip to the 
southwest~ The exposures are mainly limited to the valley walls of 
the streams, although in Franklin county in a few places the Iowan 
dri ft is thin enough to reflect the underlying surface. In , this region 
numerous, exposures occur at the tops of the hills as well as in the valley 
walls of the streams. The exposures are limited on 'the west by the 
terminal moraine of the Wisconsin glacier, whiCh obscures practically 
all bed rock of the region which it covers. 
DIVISIONS 
With the exception of the exposures of the English River in 
Marshall and Tama counties, the Kinderhook of the north-central 
province may all be referred to one formation, in which no large strati-
graphic breaks are seen. The fauna carries on through the entire 
formation with no mo~e striking changes than may be expected within 
a formation. ' > 
In 1922 Van Tuyl18 divided the northern Kinderhook into six mem-
bers, the lower of which he called the Sheffield. The Sheffield has now 
been raised to the t:ank of formation and correlated with the Chemung 
18 Van Tuy!, Iowa Geo!. Survey, Vo!' XXX, p. 91, 1922. 
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'Greenish, brown, sandy dolomitic shale 
unfossHiferou,s ,7' 
Very thin bedded, platy gray limestone, 
very fossiliferous ' 14' 
, Interbedded green shale and dolomitic 
sands: Very few fossils. '13' 
Greenish to white to brown sand-
stone. Fossiliferous. 
Very massive brown dolomite. 
Exceptionally fossiliferous. 
Blue, 'green, black soft shale 
grading into dolomitic sand, 
upper' part ' fossiliferous. 
10' 
12' 
15' 
Blue, brown slabby dolomite 
interbedded with soft shale ~~~~~~~5~~~~~ dolomite fossiliferous. 
15' 
Blue. green, gray, 
soft, unctuous shale. 
U nfossiliferous. 
35' 
FIG, Sl.-Composite Sheffield section as exposed in 'Franklin county, north-central Iowa_ 
- . 
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of New York, which places it in the Upper Devonian. The upper mem-
ber of the Kinderhook was called the Alden by Van Tuyl. This mem-
ber has been correlated with the oolitic limestones of Humboldt and 
Pocahontas counties and is not considered in this paper as Kinderhook. 
The other members are · retained as' Van Tuyl used them ~xcept for . 
some· slight changes in their boundaries. 
GENERAL RELATIONS 
, The Hampton formation lies unconformably upon the Sheffield 
formation. The Hampton in turn lies unconformably beneath the 
Alden limestone. There are apparently no beds in the north-central 
-area that may be referred to the Osage. The Burlington limestone is 
known to pinch out long before it reaches the southern boundary of the 
province. .It. seems very likely, however, that much of the material 
found in the upper members of t.he Hampton· has no equivalent in the 
Chouteau of Missouri. These upper members are very likely much 
younger than the latest beds of Chouteau age in Missouri. 
THE HAMPTON FORMATION 
This name has been proposed for the Kinderhook limestone series 
exposed in north-central Iowa between 'the Sheffield formation below 
and the Alden limestone above. The name Hamptdn is derived from 
the city of Hampton, which is the county seat of Franklin county, in 
which the formation is best exposed. The Hampton formation js 
divi<;ied into four memb~rs, the Chapin, the Maynes Creek, the Eagle ' 
City and the Iowa Falls, the names of which were proposed by Van 
Tuy1. 19 
~he Chapin Member 
As originally defined the Chapin member consisted of about seven 
feet of brownish oolitic limestone at the base and about eight feet of 
exceptionally fossiliferous brown dolomite and chert above. The 
member was described from the Chapjn quarry located one mile west 
of the town of Chapin, in Franklin county. The member at this place 
rests on the Sheffield formation. Van Tuyl considered this to ~e the 
basal part of this limestone series. ' 
Owing to the unconformity at the contact between the Chapin arid 
the Sheffield formation considerable thicknesses of limestone are found 
in certain places beneath the oolitic member that was originally defined 
19 Van Tuyl, Iowa Geol. Survey, Vol. XXX, p . 91, 1922. 
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FIG. 52.-Mississippian section of north-central ' Iowa. 
as the base. On Maynes creek to the south of Hampton this limestone 
re~ches a thickness of at least 30 feet. 
The fossiliferous brown dolomite that is found in the upper part of 
the Chapin member as described by Van Tuyl is placed in the base 
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of the Maynes Creek member for these reasons: lithologically and 
faunally it is almost identical with the overlying Maynes Creek mem-
ber ; it carries the typical Wassonville fauna that marks the base of the 
Wassonville member in the southeastern province, which is also a 
dolomite filled with fossiliferous chert; the oolitic limestone member 
that underlies it is faunally and lithologically like the oolitic limestone 
that caps the top of the North Hill member in the southeastern prov-
ince; the gray limestone that forms the base of the member corre-
sponds to the lower part of the N ~rth Hill member of the southeastern 
province; it is a natural break between hard gray limestones beneath 
and brown chert-filled dolomite above. This makes possible a cor-
relation of member with member. 
The oolitic limestone, then, is considered as the top of the Chapin 
member. It is locally dolomitized but it is always easily separable from 
the overlying cherty dolomite. 
Distribution and Thickness.-The Chapin member .is best exposed 
in Franklin county. The complete section of this member may be 
worked out only by zone stratigraphy, but at no place in the county 
may the complete thickness of the member be seen in one section. The 
maximum section is developed on Maynes creek, which flows ' through 
Reeve and Geneva townships, and at all other: places only the upper 
part of the member is exposed. By following Maynes creek from sec-
tion 14, Geneva township, where the basal portion is exposed, to sec-
tion 21, Reeve township, where the upper oolitic member is exposed, 
a complete sectipn may be seen. 
The upper oolitic zone is well expos~d in the quarry one mile west 
of the town of Chapin. This quarry is located in the sou,thwest corner 
of section 29, Ross township. The same zone may be seen in ,the 
abandoned quarries at 13, section 24, Mott township. 
Several small exposures that probably should be referred to the 
upper oolitic zone may be seen underlying the Maynes Creek member 
in the southwestern part of Butler county. The latter exposures are 
usually very dolomitic 'and are not fossiliferous. 
The rriember is not seen again until one reaches the southern portion 
of the province in Marshall county. It comes up to the drift the entire 
distance across Grundy county but is not exposed at any place. In the 
Iowa river valley near the town of LeGrand, in the eastern part of 
Marshall county, and.in the adjoining part of Tama county the oolitic 
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FIG. 53.-Composite section of the Chapin and Maynes Creek members. The upper two groups 
of b~ds are referred to the Maynes Creek member. 
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member is again e~posed. At the base of the section, resting uncon-
formably on the English River gritstone, may be seen about 18 feet of 
hard gray fossiliferous oolitic limestone. This represents the southern-
most exposure of the member in the northern prov!nce. 
The • thickness of the member differs by large amounts in short 
distances because of the unconformable surface on which it rests. In 
Franklin county it. ranges from 45 feet as a maximum to about eight 
feet at its thinnest development in the Chapin quarry. 
Lithologic Character.-Lithologically the member is not a unit al-
though itis almost entirely made up of limestones. "'The, zones within 
the member are fairly constant with the exception of the upper oolitic 
portion. It is 'in places changed to a sugary dark brown dolomite. 
Description of the Zones of the Chapin Member 
Prod,uctus ovatus zone.-The basal zone of the Chapin member is 
exposed in only one place in the north-central province and marks the 
lowest portion of the Hampton formation. It consists of about eight 
feet of very hard gray even-textured fossiliferous limestone layers 
which resemble the material at the base of the Chouteau section at 
Newark, Missouri. The limestone is very hard and therefore 'forms 
resistant ledges throughout the small area in which it is exposed, that 
is, in several places throughout the southern half of section 14, Geneva 
township. notably on the tops of the hills in this area. The drift is so 
thin that in almost every field the blocks and slabs' of this material have 
been scattered over the surface by cultivation. 
Streptorhynchus tenuicostatu11t zone.-This ione exhibits some 
lithological variations within itself . . It is all of a gray color, however, 
and is made up entirely of limestone. The basal portion of the zone 
is made up of very thin beds of hard gray fossiliferous limeston~; the 
central portion consists of alternating layers of the same thin-bedded 
hard gray limestone and moi'e massive beds of light~r gray limestone 
that are usually much less fossiliferous; and the upper portion again 
comprises a series of thin beds. Its dominant color is gray, but many 
of the beds have considerable amounts of brown dolomitic mat~rial in 
them and the upper layers contain considerable chert. This upper por-
tion is usually rather poorly fossiliferous. The zone ,is about 2S feet 
in thickness, and it may be best seen at 69 of section 22, Reeve town-
ship, four miles south of Hampton. 
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Cyathaxonia arcuatus zone.-This zone consists usually of massive 
hard fossiliferous brown dolomite ledges. In the Chapin quarry, 40w-
ever, it has a tendency to be gray hard oolitic limestone. Where it is 
oolitic it is easily ~eparated from the overlying dolomitic Maynes Creek 
member, but when it has been dolomitized its determination is' rather 
difficult without the aid of fossils , It differs from the Maynes Creek 
in that it is never inter.calated with chert bands and is much less fossil-
iferous. Its ledges are usually much more massive, have a peculiar 
sugary texture and have a deep chocolate brown color. This zone is 
best seen in the ,Chapin quarry one mile west of Chapin, in the south-
west corner of section 29, Ross township. Its dolomiti,c phase may be 
well studied in an abandoned quarry in the northeast corner of section 
23, Mott township. 
Paleontology.-The fauna of the basal or Productus ovatus zone is 
not particularly large, but certain species are very abundant through-
out. The zone has local distribution hence it is not possible to say how 
well it retains its faunal unity. Fossils were collected from several 
exposures in the southern half of section 14, Geneva township, and one 
very good exposure may be seen on either side of the north-south road 
'about 500 feet south of the center of this section. 
Fatma Collected from the SoutlJ-em Half of S ection 14. Geneva T ownship 
Productus ovatus Hall 
Productella concentrica (Hall) 
Schellwienella sp. 
Camarotoechia chouteauensis Weller 
Paryphorhynchus elongatum Weller 
Syringothyris newarkensis Weller 
'Grammysia amygdalinus (Winchell) 
Capulus paralius W. and W . 
Bellerophon blairi M. and G. 
Crinoid stem 
The zone is especially characterized by the great number of indi-
viduals of Productus ovatus. This species is not a good index fossil 
ordinarily because of its long range in the Mississippian. In this par-
ti~ular region, however, it serves very effectively to ' distinguish the 
zone. . At no other place in the province are large, well preserved in- _ 
dividuals found in such abundance~ 
The fauna of the Streptorhynchus zone is considerably larger than 
that of the underlying zone. Two species, StrePtorhynch~ts tenuicosta-
tum and Spirifer biplicoides, may be seen on every slab taken from the 
thin-bedded limestones. The upper part of the zone is not exception-
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ally fossiliferous, but collections were made · from this horizon at 
several places along Maynes creek. The best exposure may be seen on 
the south bank of the creek a short distance upstream from the. wagon 
bridge at 69 of section 22, Reeve township. 
The lower part . of the zone is well exposed on the south bank · of 
Maynes creek, just downstream from the wagon bridge that crosses 
the creek at 98, section 14, Reeve township. 
Fauna of the Streptorhynchus Zone Collected from Vario!ts Exposures 
in Reeve Towltship 
Productus ovatus Hall 
Productella concentrica (Hall) 
Schellwienella infiata Weller 
Streptorhynchus tenuicostatum Weller 
Schizophoria chouteauensis Weller 
· Camarotoechia chouteauensis Weller 
Spirifer biplicoides Weller 
Spirifer platynotus Weller 
. The fauna of the Cyathaxonia arcuatus zone has been listed by Van 
Tuyl2°and a large number of species has been added to his list in this 
report. . Two species, Cyathaxonia arcuatus and Rhipidomella t(mui-
costata, are . very abundant in the zone. The gray limestones are fos-
siliferous throughout, but the upper layers contain by far ~he grc<lter 
part of the fauna, . 
FaunfJ of the Cyathaxonia Zone 
(Species marked * w~re listed by Van Tuyl) 
Zaphrentis cliffordana E. and H . " . 
Cyathaxonia arcuatus Weller 
Ample·xus sp. 
Zaphrentis calceola (W. and W.)* 
Syringopora sp. 
Leptopora typa Winchell 
Schizoblast1l1s roemeri (Shumard) 
Platycrinus sp. 
Leptaena analoga (Phillips) 
Chonetes multicostata Winchell 
·Chonetes logani N. and P .* 
Productus arcuatus Hall* 
Productus ovatus Hall 
Productella concentrica (Hall) 
Schellwienella sp. 
. Schizophoria chouteauensis Weller* 
· Rhipidomella tenuicostata Weller 
.Cranaena occidentalis (Miller) · 
Spiriferina solidirostris (White* ) 
Spirifer forbesi N. and P .* 
Spirifer legrandensis Rowley* 
Spirifer platynotus Weller* 
· Spirifer missouriensis Swallow 
Syringothyris newarkensis Weller 
----
20 Van Tuyl, Iowa GeoL Survey, Vol. · XXX, p. 105, 1922. 
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Brachythyris chouteauensis Weller 
Athyris crassitardinalis White 
N ucleospira barrisi White 
F enestella sp. 
Straparollus obtusus (Hall) 
Stratigraphy.-The Chapin member lies unconformably on the Shef'-
field formation throughout the province. . Exposures in which the 
actual contact may be seen are rather few in the region because of the 
soft nature of the underlying Sheffield formation. In the northern 
part of Franklin county the upper oolitic zone rests directly on the 
Sheffield formation. This relation is seen illso on Hartgraves creek 
just east of the. city . of Hampton. However, when the valley of 
Maynes creek, to the· southeast of Hampton, is reached · the lower 
horizons may be seen. The lowermost beds of the Productus ovatus 
zo~e are in contact with the Sheffield formation on the south side of 
the east-west road that runs through the center of section 14, Geneva 
township, just west of the eastern section line .. 
. In Butler county the actual contact between the two formations is 
not exposed, and it is d~ubtful if any part ~f the Chapin member is 
present there. The dolomitic Maynes Creek member may be seen in 
one place and a short distance down Beaver creek the upper dolomites 
of the Sheffield formation are exposed. 
In the extreme southern part of th~ province this disconformity is 
exposed again in the contact between the English River gritstone and 
the Hampton formation which may be seen near LeGrand. 
The contact betyveen the Chapin member and the overlying Maynes . 
Creek member is usually marked by im abrupt change in lithology. The 
gray limestones of the Chapin are replaced immediately by soft massive 
brown exceptionally fossiliferous ledges of dolomite. At a few places 
the upper part of the Chapin member has beendolol?1itized and · here 
the two members grade into each other. The Maynes Creek memher, . 
like its equivalent, the Wassonville member, is characterized by its 
chert bands. 
C orrelations.-The Chapin member seems to be nearly the exact 
equivalent of theN orth Hill memb'er of the southeastern Province, 
although it is highly probable that the Productus arcuatus zone is older 
than any part of the North Hill member at Burlington. qf the 30 
species found in the Chapin member 15 are found in the North Hill 
member. The Cyathaxonia arcuatus Qr oolitic zone is apparently t~e 
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equivalent of the oolitic limestone at the base of the section at LeGrand 
and is also the equivalent of the oolitic limestone or Schellwienella 
zone at Burlington. 
The fauna is closely related to that of the Chouteau of Missouri, 
especially as that fauna is developed in northeastern Missouri. . , Of the 
30 species found in the Chapin member 25 are found in the Chouteau. 
On the basis of this faunal similarity it seems safe to correlate the 
Chapin member with the Chouteau of northeastern Missouri. The 
thickness of the Chapin is slightly greater than that of the Chouteau 
at Newark. 
FIG. 54.-Maynes Creek member at Hamp-
ton, showing typical chert bands. 
The Maynes Creek Member 
The term Maynes Creek was introduced by Van Tuyl21 in 1922. 
In it he included 68 feet of brownish fossiliferous dolomite beds inter-
bedded with chert and lying above the dolomite of the Chapin quarry. 
The type section was located on Maynes creek. The maximum ex-
posure of this member on this creek is located in the northeast corner 
of section 21, Reeve township, where 41 feet of brown cherty dolomite 
rests on the upper zone of the Chapin member. 
Van Tuyl did not exactly define either the upper or lower limits of 
the Maynes Creek member. The basal zone of the Maynes Creek as 
21 Van Tuyl, F. M., Iowa Geol. Survey, Vol. XXX, p. 91, 1922. 
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defined in this paper was included by Van Tuyl in the Chapin. ~everal 
large exposures on Maynes creek in Geneva township which bdong 
mainly to the Streptorhynchus zone of the. Chapin were referrecl by 
Van Tuyl to the Maynes Creek. 
The Maynes Creek member is here redefined to include all of the 
cherty brown dolomitic limestone above the oolitic llmestone of the 
Chapin member and below the banded brown limestone ledges con-
stituting the Rhipidomella zone of the Eagle City member. This in-
cludes in the Maynes Creek nine feet of cherty brown dolomite that 
was placed in the Chapin by Van Tuyl and excludes the. gray lime-
stones that are found on the lower part of Maynes creek, which ap-
parently belong to the Chapin member. This member at its maximum 
is only 50 feet thick. 
Distribution and thickness.-The basal ledges of the Maynes Creek 
member form one of the most widespread zones of the Hampton 
formation. This lower zone, containing the Was~onvi11e-Maynes 
Creek fauna, may be traced almost continuously across the state. The 
upper portions of the member are exposed throughout the northern . 
province but are not developed in the southeastern prov.ince. 
The northernmost exposures of the Maynes Creek formation may 
be seen in the quarry one mile west of the town of Chapin, in Franklin 
county. This ·exposure marks the northernmost outcropping of the 
Kinderhook in Iowa. The Maynes Creek is also very well exposed 
along Spring creek in the northwest quarter of section 1, Marion town-
ship, and numerous exposures may be seen along Otter creek through-
out Mott township. 
The best exposures in the region are seen along the south bank of 
Spring creek in the city of Hampton, where several quarries have been 
opened. Only · the central part of the member is exposed in these 
abandoned quarries. The upper part of the member is exposed farther 
up the same creek, however, in the northwest quarter of section 20, 
Mott township. 
The member is well exposed on the upper reaches of Maynes creek 
in the northwest quarter of section 21 , Reeve township. This is the 
exposure- that was designated by Van Tuyl as the type section. 
Numerous small exposures of the member may be seen along the 
eastern border of Geneva and Osceola townships, and some good ex-
posures are found a few miles north of the city of Ackley and to the 
,~ 
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east just across the Butler county line. The lower part of the member 
is well exposed along the banks of Beaver creek in Butler county , in 
~ections 31, 32 and 28 of Washington township. South of Butler 
county the member is concealed beneath the drift until Marshall county 
is reached, where a complete section may be seen. 
'The thickness of the member is rather constant throughout the 
region, and its maximum may be considered as 50 feet. At no one 
section in the northern part of the province may the entire thickness of 
the member be seen. 
Lithologic character.-Lithologically the Maynes Creek member is 
'a unit throughout the province. The lithologic character of the Was-
- sonville member of the southeastern province, with which the Maynes 
Creek is correlated, is the same. The member consists of massive 
rather soft dark brown dolomitic layers interbedded with numerous 
bands of white, gray, or, in places, black chert. These cnert bands 
may be continuous over considerable areas or may be in the form of 
discontinuous nodules. The chert bands are much more abundant in 
the upper part of the member and consequently the dolomite is much 
less massive towards the top. , 
The dolomite consists of many complete rhombohedral crystals, 
which are dominantly of the silt size, cemented with calcit,e' and 
limonite. The solubility runs between 85 and 90 per cent. On fresh 
surfaces the material has more the appearance of brown limestone, but 
on weathered surfaces it turns to a soft incoherent sand composed of 
small rhombohedrons of dolomite. 
Both the dolomites and the cherts are filled with fossils. Occasion-
ally the chert nodules weather to a soft incoherent body of white pow-
der, and in this case the imbedded fossils are, very easily obtainable. 
Paleontology.- The Maynes Creek member has been divided into 
life zones based on associations of fossils, and these zones have been 
named for the more abundant species which occur in ttiem. Lithology 
helps only slightly in the differentiation of the zones. 
Productus sedaliensis zone.-This zone fonus the base of the 
Maynes Creek member. It consists of about ten feet of massive soft 
brown ,dolomite layers in which very little chert is found. This zone 
contains by far the most abundant fauna of the Maynes Creek member 
and is the zone from which the main part of the Hampton fauna has 
been taken. The fossils occur only as casts and moulds in the dolomite 
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and are so abundant that a block six inches in diameter will often yield 
twenty-five species. 
There are several species that might well be used ' to designate the 
zone. Productus sedaliensis occurs profusely in the zone but is not 
necessarily the most abundant species. It is used here because it is 
less abundant in the zone below and does not occur in the overlying 
zone. Other species such as Syringothyris newarkensis, Rhipidomella 
tenuicostata, Leptaena analoga, Spiriferina solidirostris, a species of 
Aorocrinus, a new species of Spirifer, or a new species of Brachythyris 
might very well be used to designate the zone. 
Fossils from this zone were first listed by Van Tuyl22 in 1922. The 
following list was made at the abandoned quarry a mile west of 
Chapin, in Franklin county. This exposure should be considered as 
the type exposure of this zone, since the fauna:- is best developed and 
best preserved at this locality. 
(Species marked * were listed by Van Tuyl ) 
Zaphrentis c1iffordana E . and H. 
Aorocrinus sp. 
Cactocrinus sp. 
Platycrinus sp. 
Cystodictya sp.* 
Fenestella sp. * 
Orbiculoidea varsoviensis Worthen 
Leptaena analoga (Phillips) 
Schellwienella crenulicostata Weller 
Schellwienella inflata (W. and W.) 
Chonetes illinoisensis Worthen 
Chonetes glenparkensis Weller 
Chonetes logani N. and P. 
Chonetes sp. 
Productus ovatus Hall 
Productus arcuatus Hall* 
Productus sedaliensis Weller . 
Productus sp. . 
Productella concentrica Hall 
Rhipidomella ' tenuicostata Weller 
Schizophoria chouteauensis Weller 
Camarotoechia chouteauensis Weller 
Cranaena occidentalis (Miller) 
Dielasma chouteauensis Weller 
Dielasma burlingtonensis (White) 
. Dielasma sp. . 
Spiriferina solidirostris (White) 
Spiriferina subtexta (White) 
Spiriferina sp. 
Spirifer stratiformis Meek 
Spirifer platynotus Weller 
Spirifer biplicoides Weller 
Spirifer legrandensis Rowley 
----
22 V'ln Tuyi, F . M., Iowa Geol. Survey, Vol. XXX, p. lOS, 1922. 
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Spirifer missouriensis Swallow 
Spirifer louisianensis Weller 
Spirifer gregeri W ell~r ' 
Spirifer marshallensis Weller 
Spirlfer sp. 
Brachythyris chouteauensis Weller 
Brachythyris sp. ' 
Syringothyris newarkensis WelIer 
Reticularia cooperensis (SwalIow) 
Cliothyridina sp. 
Eumetria oSl\gensis (Swallow) 
CamarophorelIa lenticularis White 
Nuc1eospira barrisi White 
Liopteria subovata M. and G. 
Posidonomya sp. 
, Conocardium sp.· ' 
Cypricardiniasul<:ifera (Winchell) 
Capulus vomeriu.m (WinchelI) 
Capulus paralius W . 'and W. 
Igoceras uridata Winchell 
Conularia sp. 
Griffithides sp. 
Proetus sp. ' 
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The Productus sedaliensis fauna. may be identified at numerous ex-
posures throughout Franklin county; and fossil lists will be given 
from one or two of the more important exposures. 
The fauna of this zone is very well developed in an exposure in the 
northwest corner of section 24, Mott township. This exposure is in 
an abandoned quarry about three miles to the northeast of the city of 
Hampton. " 
Zaphrentis c1iffordana E. and H. 
Zaphrentis sp. 
Fenestella sp. 
Cystodictya sp. 
Leptaena analoga (Phillips) 
Productus sedaliensis WelIer 
Ptoductus sp. 
RhipidomelIa tenuicostata WelIer 
Schizophoria chouteauensis WelIer 
Cranaena occidentalis (Miller.) 
'Dielasma sp. 
Cyrtina sp. 
Spiriferina solidirostris (White) 
Spirifer bip1icoides Weller . 
Spirifer legrandensis Rowley 
Spirifer platynotus WefIer 
Spirifer missouriensis SwalIow 
Spirifer sp. , . 
Eumetria osagensis (Swa~low) 
Camarophorella lenticularis White 
Nuc1eospira barrisi White 
CailUlus vomerium (WinchelI) 
Conularia sp. 
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The Productus zone ~s also very · well exposed albng Beaver creek 
in the southwest part of Butler county. Numerous exposures of the 
zone may be seen along the valley;walls of the creek in sections 31, 32 
and 28 of Washington township. 
The following fossils were collected from a natural exposure on the 
south bank o,f Beaver creek at 43 of. section 32, Washington tow~ship. 
Zaphrentis c1iffordana E. and H, 
Aorocrinus sp. 
Cactocrinus sp. 
Platycrinus sp. 
F enestella sp. 
Chonetes glenparkensis Weller 
Schizophoria chouteauensis Weller 
Rhipidomella tenuicostata Weller 
Camarotoechia chouteauensis Weller 
Paryphorhynchus elongatum Weller 
Spiriferina solidirostris (White) 
Spiriferiha subtexta (White) 
Spirifer platynotus Weller 
Spirifer missouriensis Swallow 
Spirifer striatiformis Meek 
Spirifer· biplicoides Weller 
Spirifer legrandensis Rowley 
Spirifer sp. 
Spirifer sp. ' 
Syringothyris newarkensis Weller 
Brachythyris chouteauensis Weller 
Brachythyfis sp. 
Camarophorella lenticularis White 
Athyris crassicardinalis· White 
Capulus paralius W. and W. 
Bellerophon blairi M. and G. 
Proetus sp. 
Chonetes multicostata zone.-This zone forms the central and main 
part of the Maynes Creek member. It consists of 25 feet of .brown 
dolomite layers interbedded with numerous bands o~ gray and white 
chert. The lower portion of the zone is more massive than the upper 
portion. _ 
It is in the chert bands that the typical Wassonvi11e-May~es Creek 
fauna is found. Most of this chert is very hard and resistant, but at 
a few horizons is found weathered chert that is filled with fossils. 
The harder chert bands are filled with fossils also, but it is very difficult 
to obtain satisfactory material from them. .The same fauna is found 
in the dolomite but occurs only as casts and moulds. 
Chonetes multicostata occurs most abundantly in the lower part of 
the zone. Masses of chert taken from these lower bands are ·crammed 
with specimens of this species. These chert masses filled with 
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Chonetes are found throughout the entire belt ' of outcrop of the \ 
Hampton formation in the state., 
Fossils were listed by Van TuyJ in 1922 from this horizon in the 
northern province. He collected an abundant fauna from the type 
section of the member on the north bank of Maynes creek in the nort,h-
west corner of section 21, Reeve township. At this exposu!e the cherts 
, are much weathered and the fauna is readily collected. The weathered 
part at this exposure is only about twelve feet above the bed of the 
stream. 
Falma from the Type Section 
(Species marked * were listed by Van Tuyi) 
Zaphrentis c1iffordaiIa E. and H . 
Cystodictya sp. 
Orthotetes sp. * 
Chonetes multicostata Winchell 
Chonetes illinoisensis Worthen 
Chonetes iogani N. and P. 
Productus ovatus Hall 
Productella cOllcentrica (Hall) 
Camarotoechia chouteauensis vVeller · 
Camarotoechia tuta (Miller) 
Spiriferina solidirostris (White*) 
Spirifer iegrandensis Weller* 
Spirifer piatynotils Weller 
,Nucleospira barrisi White, 
Tigeria sp. ' 
, Leda :saccata Winchell* 
Myaiina sp.* 
Liopteria subovata M. and G. 
N ucuia gienparkensis Weller 
Nucuia .iowensis W. and W. 
Straparollus macr~mphaius Winchell 
'Bellerophon sp.* ' ' 
Ducanopsis, sp.* 
Meekospira sp.* 
, Orthonychia sp.* 
,:£uphemus sp. 
Strophostyius bivoive W . and W . 
. Proetus sp. 
Phillipsia sp.* 
'In an old quarry on the south bank of Spring creek, in the northern 
part of the city of Hampton, the cherts of .the Chonetes zone are again 
weathered so that the fauna is easily available. This abandoned quarry 
exposes the entire section of the zone. The following fauna was col-
lected from the lowermost c?ert 'band exposed in the quarry. 
Zaphrentis cUffordana E. and ' H. 
, Chonetes multicostata Winchell 
Chonetes illinoisensis Worthen 
Schellwienella inflata (W. and W.) 
Schellwienella sp. 
/ 
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Productella concentrica (Hall) 
Camarotoechia chouteauensis Weller 
Camarotoechia tuta Miller 
Spir,iferina solidirostris (White) 
Spiriferina subtexta (White) 
Spiriferina sp. 
Spirifer platynotus Weller 
Spirifer biplicoides Weller 
Spirifer sp. 
Camarophorella lenticularis White 
N uc1eospira barrisi White 
Tigeria sp. 
Ptychodesma sp. 
Straparollus macromphah.is Winchell 
. Capulus parali~s W. and W. 
Orthoceras indianense Hall 
Dentalium grandaevum Winchell 
Proetus sp. 
'The tWQ common species in this zone are Chonetes multicostata and 
Spirifer platynotus. Both of these species occur throughout this 
horizon and both of them range in about the same numbers throllghout 
both provinces. The molluscan fauna is not as pronounced in the 
northern province as it is in the southern. 
Spirifer striatiformis zone.-This zone is the , uppermost of the 
Maynes Creek member. It consists .of about fifteen feet of thin-
bedded yellow dolomite beds that contain much less chert than the 
underlying zone. As a rule these upper beds are not ab~ndantly fos-
siliferous. ' At certain places, however,' casts of fossils are found pre-
served In the soft yellow dolomites. 
Expo~ures of this zone are not numerous in the region. It is ex-
posed in ' the upper part of the valley of Spring creek, northwest of 
Hampton, and in the upper valley of Maynes creek, south -of Hampton. 
The fossils where present are preserved as casts in the yellow dolomite. 
This, however, is of so soft a nature that good specimens are difficult 
to obtain. It is only in the lower layers that occasional casts of fossils 
are seen. 
The most fossi'liferous e~posures are se,en on , the' upper reaches of 
Spring creek, northwest of Hampton. The ' fQllQwing species were 
collected from this horizon at 41 of section 20, Mott township. The 
top of the Chonetes zone may be seen just downstream from the ex-
posure and on the opposite side df the creek 
Zaphrentis c1iffordana E. and H. 
Platycrinus sp. 
Fenestella sp. 
Cystodictya sp. 
CHERTS IN MAYNES CREEK MEMBER 
Schellwi~nella inaequalis (Hall) 
Chonetes sp. 
Productus sedaliensis Weller 
Schizophoria chouteauensis Weller 
Spiriferina solidirostris (White). 
Spirifer stratiformis Meek 
Spirifer platynotus Meek 
Brachythyris sp. 
Reticularia cooperensis (Swallow) 
PI-oetus. sp. 
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Spirifer striatiformis · and Productus sedaliensis occur very abun-
dantly in this zone. The zone may be easily distinguished from the 
lower zone of the member by the scarcity of fossils. .'. , 
Stratigraphy.-The Maynes Creek member is separated from the 
underlying Chapin member only by a slight lithological break. The 
fauna is directly related to that of the underlying member and con-
tinues across the line of contact. 
The contact of the Maynes Creek member with the overlying Eagle 
City member is marked only by a slight lithological Qreak. The rock 
changes from a soft yellow dolomite to a hard banded crystalline brown 
limestone which is 'usually somewhat crinoidal. The contact of the 
Maynes Creek with the Eagle City is exposed in an abandoned quarry 
about three and one-half miles north of the city of Ackley, just west 
of the center of the east line of section 14, Osceola township. 
The cherts of the Chonetes multicostata zone form such a wide-
spread horizon in Iowa that they may be used for correlation even in 
weil sections a considerable distance west of the belt of ~~posure.2S 
In the main city well No.8 at Fort' Dodge in Webster county the 
Maynes Creek member with its chert zone is present at 430 feet. In 
this well indurated rock is struck at 1 SO feet. The shale and limestone 
from 150 to 210 feet should be referred to the Pella and St. Louis 
formations. The oolitic light cream-colored limestone bedded with 
green shale, from 210 to 310 feet, undoubtedly belongs to the Gilmore 
City formation of Spergen age. The gray and buff limestones and 
dolomites from 310 to 430 ' feet represent the Iowa Falls and Eagle 
City members of the Hampton formation. From 430 to 480 feet are 
found brown dolomite and gray cherts which probably represent the 
Maynes Creek and Chapin members of the Hampton formation . . From 
480 to 540 feet are shales and yellowish limestones before the true 
Devonian limestone is reached. Because of the calcareous material 
28 Norton, W. H ., Iowa Geo!. Survey, Vo!. XXI, 1911; Vo!' XXXIII, '1927. 
". i 
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which they contain it would seem advisable to refer these shales and 
limestories to the Sheffield formation rather than to the Kinderhook 
shales.-
In wells farther to' the west. are found cherts that might possibly be 
referred to this horizon, although such a correlation would be very 
uncertain. In the Auburn well in Sac county cherts and brown dolo-
mites are found near the base of the Mississippian section, from ·710 
to 800 feet. In the Audubon well in Audubon county cherty brown 
limestone overlying oolitic limestone is found from 955 to 1025 feet. 
(' orrelation.-The fauna of the Maynes Creek member is very 
definitely related to the Chouteau of Missouri. It is either directly 
. equivalent to some part of the Chouteau or is derived from it. Of the 
48 species present in the Maynes Creek member 33 are found in the 
Chouteau at Newark, Missouri, while 28. are found in the Chouteau 
of central Missouri. 
There are 30· species present in the Chapin member and of these 23 
range on into the Maynes Creek. All but one of the 19 species found 
in the Chonetes zone are found in the Wassonville cherts of the south-
eastern province. 
The Eagle City Member 
The term Eagle City was introduced by Van Tuyl24 in 1922. As 
defined by him it included 70 feet of gray limestones and interbedded 
dolomite, and its upper limits were very definitely determined. The 
lower contact was not seen by him in the field and was established only 
from a deep well section. 
The basal member of the Eagle City is a brown banded hard crystal-
line semicrinoidallimestone about 12 feet thick. The upper part con-
sists of six feet of hard gray very fossiliferous oolitic limeston:e under-
lain by 12 feet of hard gray lithographic limestone. The Eagle City 
. member is defined as embracing aU strata between and including the 
banded brown limestone at the base and the oolitic limestone at the top. 
The central portion of the Eagle City is made up of a massive soft 
yellow dolomite. 
Distribution and Thickness.-The Eagle City member has a very 
limited distribution in Franklin county, and although it is probably 
present beneath the drift in a belt extending across the entire county It 
is exposed only in the southeaster~ part of the county. The terminal 
2' Van Tuyl, F . M., Iowa Geol. ~urvey, Vol. XXX, p. 91, 1922. 
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moraine of the Wisconsin glacier ~tends across Franklin county in 
such a ·manner that the preglacial exposures Of the Eagle City membe~ 
come well within its limits and are deeply~· buried. This explains the 
limited number of exposures of the member. 
The basal zone of the Eagle City member is exposed in an abandoned 
quarry about ,three and one-half miles north of the city of Ackley. 
This exposure may be seen on either side of the north-south road that 
runs between sections 13 and 14 of Osceola township. The quarries 
are located in the w.est center of section 13 and in the east center of 
section 14. 
The Eagle City formation is not seen again until the valley of Iowa 
_ river is reached in Hardin county. Exposures may be seen .at many 
places on either side of Iowa river and in the valleys, of s~all tributary 
creeks ' between Eagle City, in the southwest corner of Aetna township. 
and Iowa' Falls, in Hardin township. The last exposures of the mem-
ber to the w'est may be seen in the gorge of Io~a river just below the 
dam at the power plant at Iowa Falls. The dam is built upon the hard 
lithographic limestones of the upper part of the Eagle City member. 
Below Eagle City on Iowa river the exposures are very poor. A 
few soft dolomitic ledges have been located but it is not possible to , 
, refer them to any particular zon:~, From Steamboat Rock to Eldora 
the : Kinderhook beds are covered by Pennsylvanian sediments. The 
, first outcrop of the Eagle City may be seen on the left bank of Iowa 
river about a mile sc)Uth of Eldora. From here on southward oc-
casional exposures may be seen all the way to Marshall county. 
The thickness of the Eagle City member is about 80 feet and may be 
only approximately measured in the field. Each of the separate ~ones 
must be measured alone C!-nd at different exposures. The lowermost 
beds may be seen north of Ackley and the remainder 'may be seen at a 
series of sections on Iowa river from Eagle City to Iowa Falfs. 
Lithologic Character.-The Eagle City consists of four rath~r 
definite lithological zones. The lowermost is a hard brown banded 
crystalline. partly crinoidal limestone. The second zone consists of 
very thin-bedd~d gray oolitic limestone interbedded with fossiliferous 
dolomite. The'm'ain central zone consists of very massive soft brown 
dolomite beds that reach a thickness of 42 feet. The upper zone con-
sists of twCl parts, a lithographic ' 'limestone at the base and an oolitic 
limestone at the top. The lithographic limestone is thin-bedded, gray 
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Very thin bedded brown weathered 
. dolomite. 
Poorly fossiliferous. 
Massive brown dolomite. 
Fossiliferous at several 
horizons. 
Straparollus, Spirifer an~ 
Proetus common. 
45' 
6' 
Hard gray ripple marked mud 12' 
cracked 'lithographic limestone. 
Massive brown soft 
sandy dolomite .. 
Poorly fossiliferous. 
Straparollus. 
42' 
limestone 11' 
. 'Rhipidomella Zone" 
F,G. SS .-Composite section of tbe Eagle City and I'owa Falls members. Tbe upper two groups 
of beds are referred to the Iowa Falls. 
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and slightly ripple marked. The oolite is gray, thin-bedded and very 
fossili ferous. 
The lower part of the Eagle City member may be traced southward 
and may be seen with the same lithologic character in Marshall and 
Tama counties. The upper part is exposed only on Iowa river in 
Hardin county, hence it is not poss.ible to make statements . regarding 
its lithology in other parts of the state. 
Paleo.ntology.-The Eagle City member has been divided into four 
life zones. These zones in this case correspond more or less closely 
. with the lithologic zones. They are named for the most abundant 
fossils .which they contain, although the fauna is not large at any place. 
Life Zones of the Eagle City 
FEET 
4. Camarotoechia subglobosa zone .. . ........ .... .. .. . ... ..... .. ...... 18 
This zon~ consists of the upper oolitic limestone and the underlying 
lithographic limestone. The lithographic limestone is almost barren of . 
fossil remains. The upper oolitic .part is filled with Camarotoechia 
subglobosa. 
3. Straparollus obhtSus zone . , ... . ......... . ...... . . . .. . ...... . ...... 42 
This zone is practically barren of fossils in its greater part. In cer-
·tain of the beds in the upper parf of the zone numerous casts of Strap~ 
arolltts obtusus may be found. 
2. Spirifer bipficoides zone ................ : .. .. ............... . ...... 8 
This is the most fossiliferous zone of the member. It is' named for 
Spirijer biplicoides, which occurs very abundantly throughout the zone. 
1. Rhipidomella burlingtonensis zone ....................... . ..... . ... 12 
The basal zone.is not exceptionally fossiliferous. The banded brown 
limestone ledges carry a large amount of crinoidal' mate·rial and " 
. ' 
numerous speciniens of Rhipidomella bllrli1lgtollc,nsis . 
. The Rhipidomella burlingtonensis zone is exposed in only one 
locality, although an equivalent horizon probably is · represented in the 
section at LeGrand in Marshall county. The zone is exposed three 
and 'one-half miles '· north of Ackley, in Franklin county, in the 
abandoned quarry in the southwest corner of section 13 and in the 
southeast corner of section 14 of Ol'ceola township. 
Fauna of the Rhipidomella ZOlle North of Ackley 
Leptaena analog~ (Phillips) 
Rhipidomella burlingtonensis Hall 
Camarotoechia chouteauensis Weller 
Spidfer platynotus Weller 
Strophostylus bivolve W~ and W . .. 
Cactocrinus sp. 
Proetus sp. 
The Spirifer biplicoides zone outcrops best in the immediate vicinity 
of the town of Eagle City, in the southwest corner of section 31, Aetna 
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township. The type. exposure is located in an old quarry' on . the east 
bank of Iowa river just south of the highway bridge that crosses the 
river at this· point. The entire thickness of the Spirifer biplicoides 
zone is exposed at this place, as well as 33 feet of the overlying 
Straparollus zone. The limestones of the Spirifer biplicoides zone are 
exposed along the east bank of Iowa rivet for a considerable distance 
downstream from this quarry. 
Fa1~na of the Spirifer biplicoides Zone at Eagle City 
(Species marked * were listed by Van ruyl) 
Chaetetes sp.* 
Rhombopora sp.* 
Fenestella sp. * 
Leptaena analoga (Phillips) 
Schellwienella inflata Weller* 
Streptorhynchus tenuicostatum \\Teller 
Chonetes burlingtonensis Weller 
Productus blairi Miller 
Productus ovatus Hall* 
Productus sp.* 
Rhipidomella d. tenuicostata Weller 
Schizophoria sp.* 
Camarotoechia chouteauensis Weller 
Spiriferina subtexta (White*) 
Spiriferina solidirostris (White) 
Spiriferina sp. 
Spirifer latidor Swallow 
Spirifer biplicoides Weller · 
Spirifer missouriensis Swallow 
Spirifer calvini Weller 
Eumetria osagensis ,( Swallow) 
Eumetria verneuiliana Hall 
Reticularia cooperensis (Swallow) 
Hustedia circularis (Miller) 
Aviculopecten sp.* 
Capulus paralius W. and W. 
Orthonychia sp.* 
Straparollus sp.* 
Orthoceras sp. 
·Proetus sp. 
-' 
" 
Beds which may be referred to this horizon are found in the south-
eastern part of Hardin county in the vicinity of Gifford in Union town-
ship. A small exposure of gray-brown lime~tone · may be seen in 'an 
abandoned quarry on the south bank of the first small creek south of 
Gifford on the northeast side of the highway at 77 of section 4, Union 
town~hip. The following fauna was collected from this exposure. 
Schellwienelia planumbona Weller 
Chonetes logani N. and P. 
Camarotoechia chouteauensis Weller 
.. Dielasma chouteauensis Weller 
Spiriferina solidirostris White 
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Spirifer missouriensis Swallow 
Spirifer striatiformis Meek 
Spirifer platynotus Weller 
Reticularia cooperensis (Swallow) 
Capulus sp. 
Igoceras subplicatum M. and W. 
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The -Siraparollus obtusus zone for~ns the. greater part of the Eagle 
City member. The thick massive be4s of dolomite exposed along 
Iowa river between Eagle City and Iowa Falls belong mainly to this 
zone, but they are very easily confused with the dolomite ledges of the 
Iowa Falls member. The relation of the Cmnarotoechia subglobosa 
zone to both the Iowa Falls member and the Straparollus zone may be 
,seen in the ol~ quarries along the banks of Iowa river just east of the 
city of Iowa Falls. ' 
The fauna of the Straparollus zone is very meage'r. Throughout 
the greater part of this section no traces of fossils may be found. In 
the central part of the zone is found a thin bed in which casts of 
Straparollus obtusus occur ·j;aouridantly, with a few other species in 
assoCiation with a cyathophylloid'c,bfal and'·i.'Spirifer. Another layer 
lower in the section shows numerous stems of a species of Platycrinus. 
The exact horizon of these beds cannot b~ detertnined because the con-
tact of neither the underlying nor the overlying zone 'is exposed. 
, ' 
Fau1Ia collected from an e.~·posllre 011 the SOI!th bank of I Mila river at 189 of sectiM~ 
34, R . 20 W ., T~llp . 89 N. 
Zaphrentis sp. 
Cyathophyllum sp. 
Platycrinus sp. 
Spirifer sp. 
Straparollus obtusus Hall 
Orthoceras d. indianense Hall 
One horizon of the Iowa Falls member also is filled with casts of 
S traparollus obtusus. 1'he Iowa Falls horizon may be easily dif-
ferentiated from this zone by its greater number of fossils and its 
greater nunibe~ of species. 
The Straparollus zone is again exposed on the right bank of Iowa 
river one mile south of the city of Eldora. The exposure is about 500 
feet downstream from the old highway bridge one mile south of the 
city. Casts of Straparollus and of a cyathophylloid coral are found 
abundantly in certain beds of the dolomite. 
The C amarotoechia subglobosa zone consists of two parts lithologi-
cally, a hard gray lithographic limestone at the base and a thin-bedded 
.,. 
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gray oolitic limestone at the top. Both portions are fossiliferous but 
the number of species present is very limited. Certain ho~i~ons of the 
upper oolitic part are crowded with Camarotoechia sttbglobosa. The 
next most abundant fossil is a slender cyathophyl1Qid coral. 
The zone is best exposed in the Ellsworth ston~ quarry; located on 
the left bank of Iowa river just southeast of the city of Iowa Fal1s at 
97. of section 18, Hardin township. The entire zone, with both lower 
and upper contacts, may be seen here. It is also well exposed in an-
other abandoned quarry just across the river from the Ellsworth 
quarry. A partial section of the lithographic limestone and the entire 
oolitic part may be seen in the gorge of Iowa river immediately below 
the dam at the power plant in Iowa Fal1s. The exposures of this zone 
are practically limited to a few miles of the gorge of Iowa river., 
F,G. 56,-Ells,worth Stolle Quarry at Iowa 
Falls. Lithographic limes.tone 
forms ' quarry floo.r. 
Fatlna Collected from the Camarotoechia mbglobosa Zone 
(Species marked * were' listed by Van Tuyl) 
Cyathophyllum sp. ' " 
Syringopora sp. 
Stromatopora sp. 
Streptorhynchus tenuicostatum 'lVel1er 
Camarotoechia subglobosa Weller 
Camarotoechia sp. * 
Eumetria verneuiliana Hall 
Conocardium sp.* 
Schizodus sp. 
Schizodus sp. 
Straparol1us obtusus Hall 
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Stratigraphy.-The Eagle City member overlies the Maynes Cr.eek 
member conformably. The lithologic change from the underlying 
Mayn~s Creek dolomite to the brown ~rystalline limestone ledges of the 
basal Eagle City is not abrupt. The f~una of the . basal Eagle City is 
definitely related to the Maynes Creek fauna. 
The break between the· Eagle City member and the overlying Iowa 
Falls dolomite is sharp, and the gray limestone of the Eagle City ends 
with knifelike sharpness against the Iowa Falls dolomite. The contact 
appears irregular and slightly unconformable at all exposures~ The 
lithographic limestone is ripple marked and is undoubtedly of shallow 
water origin. Oolitic limestone is very likely formed in very shallow 
water, ~here the oolites can be intermittently exposed to the air, and 
such conditions would be found on a tidal flat. The upper surface of 
the Eagle City is no more uneven than would be expected of a shallow 
water deposit that had been subjected·to the action of waves and shore 
currents. 
, . 
FIG. 57.-Uneven contact of Eagle City 
with Iowa Falls in Ellsworth 
Stone Quarry. 
C orrelation.-The Eagle City member has a very limited distribu:' 
tion. Exposures of the lower zones of the member may be traced 
southward as far as Marshall county, as for instance near LeGrand 
in Marshall county, near Conrad and Beaman in southern Grundy 
county, and around Gifford and· Xenia in southern Hardin county. The 
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exposures of the upper part of the zone are confined to ' Iowa flver 
valley between Eagle City and Iowa Falls. 
The fauna of the Eagle City is much smaller than that of the 
Maynes Creek member but includes many species that undoubtedly 
were derived from the underlying Maynes Creek. Such forms as 
Leptaena analoga, Schellwienella inflata, Streptorynchus tenuicostatum, 
C amarotoechia. chouteauensis, S pirife'r missouriensis, S piriferina 
solidirostris and Spirifer platynotus are highly characteristic of the 
underlying members of the Hampton formation. 
Such forms as Eumetria verneuiliana, Productus blairi, Spirifer 
latior, Spirifer calvini, Hustedia circularis and Camarotoechia s1.tb-
globosa are not characteristic of the lower members. 
There are 29 species of invertebrates present in the Eagle City mem-
ber and of these 19 are found in the · Chouteau at Newark, Missouri, 
and 16 are found in the Chouteau' of central Missouri. The preponder-
ating part of the fauna seems to be related to the Chouteau of Missouri. 
Thirteen species that are found in the Eagle City fauna occur in 
the Osage formations. Such forms as Camarotoechia s1.tbglobosa and 
Eumetria verneuiliana have never been reported from beds older than 
. !.\ 
the Osage. . . 
The beds of the Eagle City member probably are younger ,than any 
of the Chouteau beds of Missouri, but .the fauna is definitely derived 
from the Chouteau fauna. The Eagle City beds are considered to be 
part of the Hampton formation because their fauna is definitely de- , 
rived from the Hampton, because of a similarity in lithology with the ' 
other members of the Hampton, because of a dissimilarity in ' lithology 
between the Eagle City and the Osage beds, and because the Osage' 
beds may be demonstrated to overlap unconformably on the Hampton 
surface in the southern part of the state. 
The Iowa Falls Member 
The term Iowa Falls was introduced .by Van Tuyl25 in 1922. The 
Iowa Falls member as defined by Van Tuyl includes all of the dolomite:' 
beds between the oolitic limestone of the Eagle City member and the 
white limestone ledges of the Alden formation, which overlies the Iowa 
Falls unconformably. The Iowa Falls member is used in this paper 
exactly as defined by Van ' Tuyl: 
25 Van TuyJ , F. M., Iowa Geol. Survey, Vol. XXX, p. 91 , 1922. 
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Distribution and Thickness.-The Iowa Falls member has a ~ry 
local distribution, arid its exposures are practically confined to a few 
miles of the.; Iowa river valley in Hardin county. It undoubtedly 
underIies extensive areas of this part of the state but is obscured by the 
heavy drift. 
Exposures of the Iowa Falls member may be seen in the bluffs of 
Iowa river in section 28, Hardin township, where they occupy the 
upper parts of the bluffs. The member gradually is more and more 
prominent farther upstream towards Iowa Falls and is best -exposed 
within the city limits, in the gorge of Iowa river above the pOiWer plant 
dam. The lower part is very well exposed in the abandoned stone 
-quarries along Iowa river in the southern part of section 28, Hardin 
township. 
The upper beds are well exposed in the western suburb of Iowa Falls, 
also at "Wild· Cat Glen", along the lower end of Elk run, and along the 
south bank of Iowa river one mile west of the city in section 14, 
Range 21 West, Township 89 North. The unconformable contact 
of the: Iowa Falls with the Alden is exposed on the south bank of Iowa 
. river at 79 of section 15, Range 21 West, Township 89 North . 
. The whole thickness of the Iowa Falls member may not be seen in 
one section, but it is exposed within ihe distance of a mile. The lower 
part may be seen in the gorge above the power plant an.d the upper thin 
beds at "Wild Cat Glen", which is less than a mile from the gorge 
sectiori.. The thickness of the member is about 75 feet and may. be 
measured only by projecting known zones over considerable distances. 
Lithologic character.-The Iowa Falls member is made up entirely . 
of brown dolomite. It is 'very difficult to locate exact horizons unless 
the contact of the Eagle City or of the Alden is exposed. The lower 
beds are very massive with bedding planes as much as four feet apart. 
Microscopically the dolomite consists of rhombohedrons of dolomite 
that are mainly of the silt size and are cemented with calcite. The 
upper part of the member consists of very thin beds of harder brown 
dolomite thatis usually lighter in color than the lower part:. The upper 
, surface, on which the Alden rests, as a rule . is very much leached and 
covered with solution pits. Curious nodular-like masses of harder 
dolomite are left on this leached surface. 
Paleontology.-The Iowa Falls is generally considered tQ be prac-
tically un fossiliferous and the majority of the beds appear as such. 
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H0wever, at a few localities discontinuous lenses of fossiliferous ma-
terial have been found. . 
On the basis of these fossiliferqus beds the member has been divided 
into three zones, but these zones cannot be established with. the same 
definiteness as the zones of the other members of the formation. 
Life Zones of the Iowa Falls 
Spirifer platynotus zone.-This zone consists of the basal five feet 
of the member, and at certaif!. localities fossils occur abundantly in the 
lower three feet. A large form of Spirifer platynotus which is really 
a variety 6f the true S. ' platynotus characterif es these beds. The as-
sociation with this Spirifer of species that are t).ot found elsewhere in 
the Hampton definitely establishes the zone. . 
T.his zone is exposed in many places near the city of Iowa Falls, but 
it is only at certain localities that the beds carry fossils. Fossiliferous 
strata in. this horizon may be seen in the old Ellsworth stone quarry 
on the left bank of Iowa river at 97 of section 18, Hardin township. 
Fossils may also be collected from this horizon in an old quarry on 
the left bank of Iowa river about 500 feet downstream from the power 
plant in Iowa Falls. The following fauna was collected from these 
two exposures. 
Zaphrentis c1iffordana E. and H. 
Orophocrinus conicus W . and Sp. 
Orophocrinus d . fusiformis W. and Sp. 
Orophocrinus d. stelliformis (0." and Shu.) 
Platycrinus sp. 1 
Platycrinus sp. 2 
Platycrinus sp. 3 
Schellwienella sp. 
Rhipidomella tenuicostata M. and W. 
Rhipidomella burlingtonensis Hall 
Productus sedaliensis Weller 
Dielasma . sp. 
Spirifer platynotus Weller 
Spirifer missouri ens is Swallow 
Spirifer biplicoides Weller 
Spirifer louisianensis Weller 
. Spirifer sp. 
Reticularia d ; pseudolineata (Hall) 
A viculopecten sp. 
Bellerophon blairi M. and G. 
Bellerophon sp. . . 
Igoceras subplicatum M. and W. 
The LQ%onema zone.-This zone is named for an undescribed 
species of' LO%01iema which occurs abundantly in the horizon. This 
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gastropod is a large easily distinguishable. form characteristically about 
three inches in length. The zone contains ~m association of species 
that distinguishes it very readily from any other in the Hampton 
formation. The fossiliferous part of this zone is about three feet in 
thickness and is located about 18 feet above the contact of the Eagle 
City with the Iowa Falls. The Lo%onema zone is made to include all 
of the massive dolomite beds above the S pirifer platynotus zone. This 
excludes the upper thin beds .of the member and makes the Lo%onema 
zone about 40 feet in thickness. 
The fossil-bearing beds of this zone may best be seen in the old Ells-
worth stone quarry southeast of Iowa Falls, where the fossil-bearing 
-bed occupies a band ab.out five feet down from the top of the quarry 
face. The zone is well exposed- also in the two old stone quarries on 
the opposite side of Iowa river from the Ellsworth quarry . . 
The most abundant fossil in the fauna is a large form of Strapcirol-
lus obtu,su,s which averages at least two inches in width. Three species, 
the Straparollus, the Lo%onema, and a species of Cyathophyllum crowd 
the horizon. The fossils have been preserved for the most part as 
casts and moulds in the dolop1ite, but a few have been replaced by a 
milky white form of. calcite. 
Fmma Collected from the Lox onema Zone 
Cyathophyllu!ll sp. 
Cactocrinus sp. 
Bryozoa sp . 
. Streptorhynchus tenuicostatum Weller 
Camarotoechia subglobosa Weller 
Spiriferina sp. 
Spirifer platynotus Weller 
Conocardium sp. 
Straparollus obtusus Hall . 
Platyschisma missouriensis Weller 
Orthoceras indianense Hall 
Centronelloidea rowleyi zone.-The fossils of this zone were. col-
lected and listed by Van Tuyl26 in: 1922 and have not been seen by the 
. writer. Centronelloidea ro'Wle;/i is chosen as a zone name-since it is .'. 
not a common species in other parts of the Kinderhook of Iowa. . '. .. 
The fossils collected from this 'zorie were found in the' upper 'thin beds " 
at "Wild Cat Glen" in the ~estern suburb of Iowa Falls. The upper 
.thin-bedded material is about 30 feet in thickness an<~ only the lower ' 
26 Van Tuyl, F . M. , Iowa Geo!. Survey, Vo!' XXX; p. 98, 1922. 
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part of this occurs at "Wild Cat Glen". It is assumed then that these 
fossils came from the lower part of the zone. 
Fauna Listed by, Vall Tuyl from the Centrollelloidea Zone 
Zaphrentis sl? 
Orthotetes sp. 
Dielasma sp. 
Camarotoechia cf, tuta (Miller) 
Camarotoechia sp. ?, 
Spiriferina solidirostris (White) 
Spirifer sp. 
Ambocoe1ia ~p, 
Centronelloidea rowleyi (Worthen) 
Athyris crassicardinalis White? 
Orthonychia sp. 
Holopea subconica Winchell? 
Stratigraphy.- The Iowa Falls member is separated from the under-
lying Eagle City member by a sharp lithological break. A discussion ' 
of this contact has been given u~der the stratigraphy of the Eagle City 
member. 
FIG. 58,-Small arch sopwing cont,act of Eagle City with Iowa Falls above power plant 
at Iowa Falls, 
The Iowa Falls member is unconformably overlain by 'the Alden 
limestone, which consists of soft gray to bluish thin-bedded limestone. 
The Alden is slightly fossiliferous but the fossils are so fragmented 
that none have 'been identified. The Alden is correlated with the 
oolitic limestone which is exposed near Humboldt and Gilmore City 
farther to the west. The exact age of the fauna of the Gilmore City 
limestone, is doubtful. ' The crinoid fauna in the base of the formation 
at Gilmore City contains a great number of Kinderhook genera al-
though almost all of the species are entirely new. It is "considered as 
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younger than the Kinderhook because of the fauna and because of the 
marked unconformity which separates it ' from the upper beds of the 
Kinderhook. The fauna as a whole resembles certain parts of the 
fauna of the Madison limestone of the west. 
St. Louis limestorie-unfossiliferous. 
Thin bedded white oolitic 
limetsone. 
Numerous joints filled with green 
shale. I 
Poorly fossiliferous: 
"Cyathophyllum Zone" 
14' 
Very m~ssive hard grayish white 
crystalline . cross bedded 
oolitic limestone. 
Fossiliferous throughout.but 
more so near the base. 
"Streptol'hynchus Zone" 
Massive greenish lime~tone 
interbedded with green 
shale. 
"Rhodocrinus Zone" 
~lue soft shaly limestone. 
"Camar6toechia 'Zone" 3' 
'Brecciated limestone. 2' 
FIC. 59,-Type s,ecHon of the Gilmore City beds. 'These beds are exposed in Pocahontas and 
Humboldt counties and are correlated with the Alden limestone. 
The uncoriformable contact 'of the Iowa Falls member with the 
Alden may be seen at several places along Iowa river west of Iowa 
. ' Falls. The first expo'sure in which this contact maybe, seen is located 
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on the right hand bank of Iowa river about 200 feet upstream from , 
the railroad bridge at 39 of section 21, Range 21 West, Township 89 ' 
North. ' Several other exposures of this contact may be seen along the 
river bank in the northern part of section 21. Farther up the river the 
Iowa Falls is cut out entir~ly. ' 
The magnitude of this unconformity may be shown ,by the fact that 
three miles down Iowa river from the town of Alden the Alden lime-
stone is seen resting unconformably on the top of the Iowa Falls m'em-
ber and at the town of Alden the Iowa Limestone Company has drilled 
from the base of the quarry through 120 feet of Alden limestone be-
fore striking foreign material. At 120 feet the drill ' penetrated the 
Hthographic limestone of the Eagle City member. The entire 75 feet 
FIG. 61.-Alden limestone in the quarry of the Iowa Limestone Company at Alden. 
, " 
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of the Iowa Falls ' member has been cut out within a distance of three 
miles. 
The Iowa Falls member is hot exposed outside of the immediate 
vicinity of Iowa Falls. Certain thick sections of dolomite in well sec- f 
dons to the west of Iowa Falls ar'e suggestive of the member, but this 
cannot he definitely determined. 
Correlation.-The -fauna of the Iowa Fall~ member is not large 
enough to allow for many generalizations. .A considerable number of 
the species present were undoubtedly derived 'from the earlier Hampton 
fauna. S pirifer:platynotus~ S pirifcr iouisiane~si'sJ Spirifer biplicoidesJ 
Spir,ifer missouriensisJ StreptorhY1ichu; ten1J,icostatumJ Productus 
sedaHensis. Rhipidomella tenuicostataJ Straparollus obtusus and Or- ' 
thoceras indianense are all common fossils of the Hampton formation. 
There are 20, species in the Iowa Falls member and of these 18 are 
found elsewhere in 'the Hampton of Iowa, 12 are found in the Chou-
teau at Newark, Missouri, and eight in the Chouteau of central Mis-
soun, 
Because the strongest faunal relations of the Iowa Falls member 
seem to be with the underlying Hampton members, and because 
stratigraphically the Osage beds may be demonstrated to overlap un-
wnformably on to the Hampton surface and to pinch out long before 
north-central Iowa is reached, and because the lithology of the Iowa 
Falls does not resemble that of the Osage in any way, the Iowa Falls 
'member is considered to be part of the Hampton formation. 
The Iowa Falls member marks the upper limit of the Kinderhook 
series ,in Iowa, which at its maximum thickness will total 625 feet. 
The Mapie Mill and , English River formations in the southeastern 
province are 375 feet thick at their maximum development at Burling-
ton, a~d the H~~pton f<:irmation is 250 feet thick in' the north-central 
province. 
The Hampton Formation 'at LeGrand 
A series of exposures of the Hampton formation may be seen along 
[owa river in eastern Marshall county and in 'we,stern Tama county. 
A few minor exposures ,of the formation 'may be. seen in the southern 
part of Grundy county near C'Onrad and Beaman, on Wolf creek. 
Other minor ,exposures may be seen in the, northern central part of 
Marshall county in the ~icinity of Albion and again in the vicinity of 
, . ' 
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Liscomb. 'These exposures will be grouped together and described as 
the LeGrand section. 
This group of exposures is located n~ar the town of LeGrand, which 
is'about nine miles east of Marshalltown and is-in the heart of the best 
exposures of the Hampton formation in this region. Several larg~ 
quarries ·are now in operation in the vicinity of LeGrand and there 
are a score of abandoned quarries near the town. 
This group of exposure:> has long been famous for its crinoidal 
remaihs. It was in some of these old quarries that Meek and Worthenl 
Miller and Gurley, R. R. Rciwley, Samuel Calvin, and Wachsmuth and 
-Springer first collected the crinoids that have become famous the world 
. over. The LeGrand cr~noids have been particularly desirable because 
of their excellent pr.eservation. These crinoids grew in patches much 
as afl.ower garden grows today . Once the main large nest at LeGrand 
was exhau~ted it ~ecame difficult to find a single good specimen. If 
one visits the LeGrand quarries it is seldom that more than a badly 
broken specimet). is found • . The horizon .in which the large nest oc-
curred appears at present to be almost entirely barren. The layers in 
which the crinoids were found consist of brown soft banded limestone 
, in which it is difficult to find even so much as a crinoid stem. Other 
nests of these crinoids undoubtedly pO'pulated the sea bottom at this 
time and it seems very likely that others may be uncovered by quarry-
ing operations in the future. The crinoids that grew in this large nest 
were buried by fine sediments in a condition almost as good as that of 
the living state. A great number of complete crinoids have been found, 
'complete from the most delicate pinnules on the anns to the cirri on 
the ends of their stems. A part of 'the original color of these crinoids 
is still preserved in the fossil specimens. The original large nest con-
sisted ,of a lentieulC),r mass of soft slightly magnesian limestone not 
. over one foot in thickness. The edges of this mass pinched down to 
a few inches in thickness. The crinoids occurred along definite planes 
within this limesto~e and often the slabs had to be split to expose the 
surfaces on .which the crinoids lay. The areal extent of this nest was 
not over fifty by sixty feet. The horizon of the nest was located 
definitely at 34 feet above the contact .of the oolitic l~inestone with the 
brown to gray magnesian limestones. This contact m,ay be seen in the 
quarry from which the crinoids were taken. The'horizon from which 
the crinoids came may now be se~n to be a brown soft evert-grajned 
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banded earthy-appearing slightly magnesian limestone. It may be 
more definitely located by a close study of the section. In the zone' 
direetly below the crinoid horizon ttlere may be seen several layers of 
brown or blue hard crystalline crinoidal limestone that appear almost 
. identical' with many beds that ate found in the Burlington limestone. 
These crinoidal limestone beds are interbedded with softer brown 
banded limestone beds and occasionaily a little chert. The beds from 
which the crinoids we~e taken are about t~ree feet. above the last of 
these crlnoida1limestone beds. 
The quarry fr'om which' the crinoids were taken has been reopened 
and is now (1929) in operation. The face of the quarry has been 
- shifted some 75 feet to the east-of the position at which it stood when 
the crinoids were being'removed, and the present quarry floor is located 
considerably above the position of the old quarry floor. The old . 
quarry penetr(j.ted down through the oolitic limestone that forms the 
base of the formation in this region and the new one' has its floor at the 
top of this oolitic layer or some 18 feet higher. The old quarry hole 
which penetrated through the oolitic limestone may still be seen at 
the south end of the present quarry although it -is now partly filled 
with water. This old quarry hole in the oolitic limestone is about 100 
feet in' length and forms a marker for the nest of crinoids. The heart 
of the crinoid bed was located about 50 feet up from the northern .end 
and directly to the east of this old quarry hole. 
The crinoids of the LeGrand region are not entirely confined to the 
zone in which the large nest was found. The species that make up the 
crinoidal limestones in the zone below are for the most part the same 
species that occur in the large nest.. Broken flattened calyces of 
crinoids that are identical with those found in the upper nests may be 
collected from these highly crystalline limestone ledges. A few very 
good specimens showing the arms and stems and calyces have been 
found on the bedding planes of this lower zone. 
The soft gray earthy limestone beds that lie just above the oolitic 
limestone locally carry small nests that in part resemble the upper nest. 
The crinoidal association in this lower zone is markedly different 
from that of the upper one. This lower zone is particularly noted 
for its abundance of remains of small inadunate crinoids. The crinoids 
;,f this lower zone, how,ever, are not confined entirely to these nests', 
and ' a few specimens may be expected anywpere within the blocks or 
I 
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on the bedding planes of this limestone. Rows of stems may often 
I be seen protruding from great blocks of this material. 
The' uppermost beds at LeGrand contain an important amount' of 
fragmented crinoidal material which occurs only as broken ,or flattened 
:;pecimens. One species of Cactocrinus and several species of Platy-
crinus occur in these upper beds. 
The crinoids have been confined for the greater part to the large 
south quarry. However, ~ few have been taken from the large north 
qua.rry, ' several from the county quarry on, Timber. creek, a few from 
the 'n~w quarry on the "Devils Anvil", and ~everal from the abandoned 
quarries to the ~'est pf the large south quarry. 
The natural exposures of the material are usually weathered to such 
an extent that very few fossils may be collect~d: These limestone beds 
contain a great amount of dolomitic m.aterial which upon weathering 
appears much like the Wassonville or Maynes Creek members ' of 1h~ 
Hampton formation. 
Distri,bution and Thickness.-The exposures described under the 
LeGrand section are confined to Marshall county, the western edge of , 
Tama county, and the southern edge of Grundy county. The main 
~xposures under consideration are within a few miles of tqe dty 
of LeGrand and most 'of them are located in the valley of Iowa' river. 
The thickness of the LeGrand section is about 80 feet and the ' 
greater part of this may be seen in continuous sections. The lower 
oolitic member is usually incompletely exposed in the recently opened 
qqarries. Usually only parts of the upper thin-bedded zone are seen. 
It is not possible to establish a definite upper limit to the LeGrand beds, 
although the upper part would be correlated with the lower part of the , 
Eagle City member to the north. The maximum section exposed' im-, 
mediately in the vicinity of LeGrand is about 80 feet. 
. Lithologic Character.-The LeGrand beds have been divided into 
life zone~ and named , for the most abundant fossils which ,they ('on-:-
tain. 
The Schellwienella ,plamt'n'tbona zone.-This zone is named for 
Schellwienella planumbona, which is found abundantly' at this horizon. 
Lithologically it consists of hard gray rather thin-bedded oolitic lime-
stone, which may be easily recognized from other ' oolitic beds of the 
LeGrand section by, ~he larger- size of its oolites: 
, , 
. . 
LIFE ZONES IN LEGRAND BEDS 
'Very thin bedded brown limestone 
"Camarotoechia zone" 
.Thin bedded hard brown limestone 
. occasionally oolitic., 
"Spiriferina Zone" 
,. I 
12' 
Thin bedded brown banded limestone, 
"Cactocrinus Zone" 
"Upper Crinoid Horizon" 
Brown hard crystalline crinoidal 
limestone. 
Locally carrying chert and oolite. 
"Orophocrinus Zone" . 
Massive soft gray limestone' 
chert and calcite abundant. 
"Pachylocrinus Zone" 
"Lower Crinoid Horizon" 
Massive white hard 
oolitic limestone. 
"Schell wi en ella Zone" 
. FIG. 62.-:C~mposite section o~ the LeGrand beds showing lif ,? zones . 
16' 
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The Pachylocrinus genista zone.-This zone is named for the cri-
noid Pachylocrinus genista, 'that is found throughout the horizon. 
Lithologically this zone consists of very soft earthy gray to' yellowish 
ve~y massive limestone ledges, ~hich contain a large number of gray 
to white chert nodules filled with Chonetes 1nultitostata. The zone is 
about 18 feet in thickness. 
The Orophocrinus coniws zone.-This zone is named for the small 
, ' . 
blastoid Or.ophocrinus conicus, which may be found at almost any ' 
horizon within the zOl1e. Lithologically the zo~e shows c'onsiderable 
range. The main characteristics by which it may be distinguished are 
the hard crystalline crinoidalledges which it contains. These crinoidal 
ledges are of either a brown or a bluish color and mig4t very easily 
be confused with ledges, of the Burlington limestone. They are inter-
bedded with yellow to brown, either massive or very thin-bedded lime- , 
stone beds. Locally the basal part of the zone contains a semi-oolitic 
limestone layer about two feet six inches thick. _ The zone contains 
large amounts of nodular chert which is usually of a gray or white 
color but occasionally may be banded with black. The thickness of 
this zone is 18 feet. 
Cactocrinus am-oleli zone.-This _zone has been named for the fossil 
crinoid Cactocrinus arnoldi. It might well have been named for the 
genus Cactocrinus alone since it bea~s three species of Cactocrinus' that 
occur very abundantly. L~thologically t~is zon.e consists of. thin-
bedded earthy banded brown limestone ledges. These brown bands 
run in any direction with respect to the bedding planes. The layers of 
this zone break out as' arge flat. slabs usually about six inches thick and 
are poorly fossiliferous. 
The Spiriferina solidirostris zone.-This zone has been' named for 
S piriferina solidit:ostris, which occurs very commonly throughout the 
zone. Lithologically the zone consists of very fossiliferous thi-n-bedded 
hard brown limestone b~ds. At several place~ small beds of oolitic 
limestone have been seen. Many of the weathered surfaces are matted 
with fragmented fossils. The zone is about 12 feet in thi'ckness. 
Camarotoechia choute,auensis zone.-This zone has been named for 
the fossil brachiopod C a1'l:iarotoechia chouteauensis, which occurs very 
abundantly , in the horizon. This zone consists of about 10 feet of 
very thin-bedded brown limestone beds. The average thickl1ess of the 
individual beds is less than two inches. 
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Pale01itology.-The Schellwienella planumbona zone · is exposed at 
many places along the bluffs of Iowa river between LeG:rand in 
Marshall county and Butlerville in Tama cou·nty. The best exposure 
is located at the old mill on the right bank of Iowa river just down-
stream from the highway bridge that crosses at t~is point. This ex-
posure is 'located at 47 of section 1, LeGrand township. The entire 
\ . 
section of the zone is exposed here, with both · its upper and lower con-
tacts. 
Very fossiliferous exposures may be seen on the eastern end of the 
"Devils Anvil", at 76 of seetion 7, Indian Village township, Tama 
county. A small ' creek cuts through the oolitic membe.r at this point, 
- making each of the beds of the zone easily accessible. 
Falma of the Schellwietlella Z~ne 
(Species marked * were listed by Van Tuyl) 
Zaphrentis sp·. * . 
Schellwienella inflata Weller 
Schellwienella planumbona Weller 
Schellwienella sp.* • 
-Chonetes logani N. and P.* 
Chonetes burlingtonensis Weller 
Chonetes iIlinoisensis Worthen 
Productus ovatus Hall . 
Productus sp. 
Productella sp. * 
Productella sp.* 
Rhipidomella tenuicostata Weller 
Dielasma sp.* . 
Camarotoechia tuta Miller 
Spirifer platynotus Weller 
Spirifer sp.* 
Syringothyris sp.* . 
Brachythyris peculiaris (Shumard) 
Cliothyridina tenuilineata (Rowley) * 
Athyris crassicardinalis White 
Comp6sita opposita (W. and W.) 
, Schizodus sedaliensis M. · and G. 
Pterinopecten nodocostatus W. and W. 
Aviculopecten sp. 
Straparollus obtusus (Hall) 
Orthoceras sp.* 
The Pachylocrinus zone is bes.t exposed in the main large sottth 
quarry, which is located about a. mile and a half .north· of LeGrand on 
the right bank of Iowa river at 77 of section 1, LeGrand township. 
rhe floor of this quarry is located on the top of the oolitic limestone. 
The Pachylocrinus zone occupies the base of the q~arry face. In the 
extreme southern end of this quarry the old abandoned quarry floor is 
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in the Pachylocrinus zone. A large number of the fossjls were col-
le'cted from these old flat weathered surfaces. 
The. zone is also very well exposed in the county quarry on' Timber 
creek at 97 of section 8, LeGrand township. Here the Pachylocrinus 
z~ne forms th'e base 'of the quarry face as in the south LeGrand quarry. 
Numerous other exposures might be mentioned, but these two are par-
ticularly favorable for a study of. the f,ossils. 
FallnG! of the Pachyiocrilms genista Zone' 
Cyathaxonia arcuatus Weller 
Zaph~entis sp. 
Leptopora typa Winchell 
Schoenaster legrandensis M. and G. 
Archaeocidaris legrandensis M. and G. 
Pachylocrinus genista M, a)1d G, , 
Rhodocrinus watersianus W. and Sp. 
Platycrinus symmetricus W. and ~p. 
Dichocrinus delicatus W. and Sp. , 
Leptaena analoga (Phillips) 
Schellwienella sp. 
Chonetes multicostata Winchell 
Productus ovatus Hall 
Productus arcuatus Hall 
Proquctus sp. 
Productus sp. , 
. Productella conceiltrica (Hall) 
Rhipidomella dubia Hall 
Rhipidomella thiemei White 
Camarotoechia tuta Miller 
Camarotoe'chia chouteauensis Weller 
Rhynchopora pustulosa (White) 
Spirif!!r platynotus Weller 
Spirifer louisianensis W.eller 
Spirifer missouriensis Swallow 
Cliothyridina incrassata Hall 
Eumetri~ sp. 
Platyceras erectoides Weller 
This zone will correspond very closely with the Wassonville cherts 
and the base of the Maynes Creek member. At all three places it is 
characterized by nodules of chert filled with Chonetes multicostata. 
The srt;Iall form of Leptaena analoga which occurs abundantly in the . 
Wa~sonville is also ' found in this zone. It is als'o es~ecially crowded 
with the remains of small inadunate crinoids, several of which belong 
to the genus Pachylocrinus. This is the lowest horizon in wh'ich the I 
crinoids are fqund in nests. 
Th,e Orophocrintts zone is very well efCposed in several places near 
. LeGrand, the best of which is probably in the south quarry. This zone 
. forms the central part of the face for the entire length .0'£ the quarry . . 
, , 
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The zon<:l i~ also well ~xposed , in t~e north quarry ~n the opposite side 
of Iowa river. Very fossiliferous ledges belonging to this zone may 
also be seen in the county quarry on Timber creek. An exceptionally 
fossiliferous p'art , of this zone is exposed in the floor of an old 
abandoned quarry about 500 feet to the west of the south end of the 
"large sO!-lth quarry at LeGrand. 
The fauna of the,zone comes mainly fromth~ crinoidalledges. Th~ ' 
. major part of it comes from the bedding planes at the top of these 
ledges. and a smaller ' p~rt from within these ledges. About three feet 
of very , fossiliferous semi-oolitic limest.one occurs in this zone ' in the 
countyqu,arry on Timber cree,k. , 
Fauna of the Orophocrinus cOl~icus . Zon~ 
, Zaphrentis c1iffordana E. and H. 
, Zaphrentis wortheni Weller 
Cyathaxonia arcuatus Weller 
, Leptopora typa Winc)1ell 
Orophocrinus conicus W. a'nd Sp: ' 
Orbphocrinus fusiformis W. and Sp. 
Orophocrinus stellif.ormis (0. and Shu.) 
Eutaxocrinus fletcheri ('Worthen) 
RhoQ.ocdnus watersianus W. and Sp. 
Megistocrinus nobilis W . and Sp. 
Aorocrinus immaturus W. and Sp. 
Cactocrinus arnoldi W. ' and Sp. 
Platycrinus sp. 
Platycrinus sp. 
Dichocrinus sp. 
Agelacrinus legrandensis M. and G. 
Leptaena imaloga Phillips 
Schellwienella inflata Weller 
Schellwienella ' planumbona Weller 
Schellwienella inaequalis Weller 
Streptothynchus sp. 
Productus arcuatus Hall 
Productella concentrica (Hall) 
Rhipidomella burlingtonensis Hall 
Schizophoria sedaliensis Weller 
Cranaena sp. 
Dielasma chouteauensis Weller 
Dielasma sp. 
Camar'otoechia chouteauensis Weller 
Spiriferina solidirostris (White) 
Spiriferina , sp. 
·Spirifer biplicoides Weller . 
Spirifer platynotus Weller 
,Spit:ifer gregeri WeUer 
Spirifer legrandensis Rowley 
Spirifer calvini Weller 
Spirifer louisianensis Weller 
' Spirifer sp. " 
Brachythyris chouteauensis Weller 
Cliothyridina sp. ' 
Athyris crassicardinalis White ' 
'. 
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Bellerophon blairi M. and G. 
Igoceras subplitatum M. and W. 
Capulus piso Walcott 
Capulus paralius W. and W. 
Strophostylus bivolve W. and W. 
Proetus sp. 
Griffithides sp. 
Fish tooth, 1. 
Fish tooth, 2. 
Fi.sh tooth, 3. 
Fish tooth, 4. 
The Cactocrinus zone is well exposed in both the north and south 
qu,arries at LeGrand. It may be easily identified in nea,rly all of the 
abandoned quarries in ,the region. Lithological,ly -it consists of rather 
thin-bedded soft earthy banded limestone ledges in which ~he bapds run 
with no apparent relation to the bedding planes. 
The zone is characteristically poorly' fossiliferous, with ledges ap-
pearing almost barren. The fossils that are found in this zone are 
very well preserved, suggesting a period of rapid sedimentation in 
relatively quiet waters.. The large LeGrand crinoid fauna was taken 
from the lower ledges of this zone. 
Fatlna of the Cactocrintls arnoldi Zone. 
Orophocrinus conicus W. and Sp. 
Orophocrinus ' fusiformis W. and s.p. 
Archaeocidaris legrandensis M. and G. 
Rhodocrinus kirbyi W. and Sp. 
Rhodocrinus nanus M. and G. 
Rhodocrinus watersianus W. and Sp. 
Megistocrinus nobilis W. and Sp. 
Batocrinus macbridei W. and Sp. 
Batocrinus poculum M. and G. 
Aorocrinus parvibasis W. and Sp. 
Aorocrinus immaturus W. and Sp. 
Aorocrinus radiatus W. and Sp. 
Cactocrinus orriatissimus W. and Sp. 
Cactocrinus nodobrachiatus W. and Sp. 
Cactocrinus arnoldi W. and Sp. 
Platycrinus symmetricus W. and Sp. 
Platycrimis agassizi W. and' Sp. . 
Dichocrinus inornatus W . and Sp. 
Dichocrinus delicatus W. and Sp. 
Dichocrinus cinctus M. apd G. 
Eutaxocrinus fletcheri (Worthen) 
Taxocrinus intermedius W. and Sp. 
Pachylocrinus scopae (M. and G.) 
Pachylocrinus genista (M. and G.) 
Pachylocrinus elegantulus (W. and Sp.) 
Pachylocrinus globosus (W. and Sp.) 
Pachylocrinus legrandensis (M. and G.) 
Pachylocrinus spartarius (M. and G.) 
Goniocrinus . sculptilis M. and G. 
Decadocrinus maccabei (M. and G.), 
· ~ 
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Decadocrinus hammondi (M. and G.) 
Decadocrinus decrepitus (M. and G.) 
Decadocrinus lo'ngicirrifer (W. and Sp.) 
Woodocrinus notatus (M. and G.) 
Productus ovatus Hail 
Productus sp. 
Pl'oductus sp. 
Schellwienella planuml>ona Weller 
Fi,sh tooth 
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The Spiriferina zone forms the upper part of the quarry faces in 
both of the large LeGrand quarries. It is ,also well exposed at the 
"Devils Anvil" ,in Tama county. The zone con~ists of hard brown 
thin ,beds of highly fossiliferous limestone. These beds are much 
more fossiliferous than any other part of the LeGrand section, but the 
-fossils are much fragmented. Some of the. ~labs from this zone are 
made u'p entirely of masses of Spiriferina solidirostris. Spirifer platy-
notus. RhipidomeUa dubia, and an undescribed form of Cactocrinus 
occur very abundantly in the zone. 
Fauna ot'the Spiri/erilla splidirostris Zon-e 
Zaphrentis c1iffordana E. and H. 
Leptopora typa Winchell 
Orophocrinus conicus W. and Sp. 
Schizoblastus sp. ' ' 
Platycrinus sp. 
·.Platycrinus sp. 
Cactocrinus sp. 
R\tipidomella dubia Hall 
Camarotoechia chouteauensis Weller 
Spirifer platynotus Weller 
Spirifer sp. 
Spiriferina solidirostris (White) 
Athyris crassicardinalis White 
Bellerophon blairi M. and G. 
Straparollus missouriensis M. and G: 
Orthoceras sp. 
Orthoceras' sp. 
Fish ' tooth. 
The C; amarotoechia· zone is not ,exposed in either of the two main 
quarries at LeGrand: It may be seen only on the small tributaries of 
Iowa river farther back from 'the main stream where erosion has not , 
removed the beds. The zone is best exposed at Rockton at 88 of section 
21, Range 17 West, Township 84 North, and it is also well exposed 
in the bluffs of the small tributary that enters Iowa river in the south-
central part of section 36, two miles north of LeGrand. The zone is 
also exposed on Wolf ~reek, in the vicinity of Conrad and B~aman, 
in the southern part of Grundy county. 
, ' 
• 
· .". ~ 
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The l~dges of this zone are not exceptionally fossiliferous but certain 
beds are filled with C amarotoechia choutea~tensis and several species of 
S chellwienella. 
Fa1ina of the G.at"naroto'echia chollteallensis Zone 
OrOphocrinus conic)ls W. and Sp. 
Schellwienella crenulicostata Weller 
Schell wienella planumbona Weller 
Schellwienella sp. 
Schellwienella sp. 
Productella concentrica (Hall) 
Schizophoria sp. ' ' 
Rhipidomella sp. 
Cranaena sp. 
Rhynchotreta sp. 
Carrtarotoechia chouteauensis Weller 
Spiriferina solidirostris (White) 
Spirifer legrandensis Weller 
Straparollus obtusus (Hall) 
Conularia sp. 
St-ratigraphy.-The LeGrand beds overlie the, English River forma-
tion unconformably. Only on~ 9f the exvosure's beneath the, LeGrand 
beds carries a fauna and this fauna belongs definitely to the English 
River formation. It is highly probable that over the greatcrr part of this , 
area , the LeGrand beds lie unconforfl?ably' on the Sheffield formation. 
The exposure at the old mill one mil~ north of LeGrand has more the 
appearance of Sheffield material than of English River. It is not pos-
sible to determine definitely to which of these formations it should 
be referred because of the lack of fossils. 
The LeGrand beds probably grade conformably i~to beds that would 
be correlated with the basal part ofthe Eagle City member. The actual 
:ontacts are not exposed but probably exist farther to the north where 
the 'Eagle City material has not been removed by erosion. 
Correlatio~ .-The Schellwienella zone of the LeGrand beds is cor- . 
related with the upper part of the Chapin member of the north-central 
province and with the upper part of the North Hill member of the 
southeastern province. The fauna is almost identical with that of the 
Schellwienella zone' of the North Hill member. 
The Pa.chylocrinus and Otophocrinus zones are correlated with the 
Wassonville member of the southeastern province. , The chert bands 
present in the LeGrand at this horizon have the typical, Wassonville 
fauna present. 
The Pachylocriwus} Orophocrinus} Cactocrinus and Spiriferina 
; . 
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zon~s are correlated with the Maynes Cr~ek member of the north-
central province. It is difficult to draw the exact line betw~ee'n the 
portion of the LeGrand beds that should be referred to the Eagle City. 
and the portion that should be referred to the Maynes Creek. The 
lower two ?ones of the LeGrand ~ndoubtedly correspond to the lower 
. cherty part of the Maynes Creek. 
The Camarotoechia zol1e is correlated with the lower oolitic lime-
stone of the Eagle City member. . Lithologically and faunally ,these 
. .' 
zones are much alike. 
Type Sections in North-central Iowa 
Section Exposed in Old Q1tal'ry One Mile West 0/ Chapin 
FEET INCHES 
6. Dolomite, thin-bedded, soft. yellowish, very fossiliferous, filled 
with irregular masses of gray and black chert ................ .. 3 6 
S. Dolomite, massive, moderately hard, dark brown, filled with . casts 
of fossils .. . ....... . .. .. ... ' .' .. ' .' . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 
4. Dolomite sand, soft, granular, yellow, very fossiliferous ... ..... 6 
3. Limestone, gray to brown, slightly crinoidal, oolitic in part, mas-
sive, filled with fossils. Schizoblastus roemerl:, C~'atha.'ronia arcu-
atus ......... .. .......... . .. ... .... .... .................... 2 4 
·2. Limestone, gray, oolitic, hard, massive, slightly fossiliferous ·. . .. 2 6 
1. Dolomite, massive, dark ·chocolate brown, hard, slightly crinoidal, 
banded, fossiliferous ............... . ...... .. ................. 3 
Beds 1,2 and 3 are referred to the Chapin member and beds 4, 5 and 
. 6 to the Maynes Creek member. Beds 5 and 6 carry the main part of 
the' fauna that has been listed from the Productus sedaliensis zone. 
Section showing the lower beds 0/ the Chapin member exposed 011 the south bank 
of Maynes Creek .at 67 0/ sect~on 22, Reeve towllship, Fra,~klin cO.ltnty. 
. FEET INCHES· 
7. Limestone, very thin-bedded; brown to gray, dolomiti~ at top, car-
rying much chert, slightly fossiliferous ........ .. ...... ...... .. 9 
6. S~ale, brown, earthy, irregular contact abov~ and below.. Prod-
.ucts of disintegrated limestone ............ . ................... 1 
S. 'Dblomite; .thip-bedd!!d, brown, fairly . hard, a little brown ohert, 
poorly fossiliferous . . :. ...... ..... ........ .. .... ... . ... .. . ... 4 
4. Limestone, hard, brown, dolomitic, poorly bedded, fractured, uq-
fossiliferous ..................... • . ....... ... ............... 5 4 
3. Limestotle, very hard~ chunky, white, semi-oolitic, irregular bed-
ding, fossiliferous ....... :. ...... ....... ....... .. ............. 4 
2. Limestone, massive, hard, brown, fossilifer·ous ....... . ......... 2 8 
1. Limestone, thin-bedded, hard, brown, slabby," crinoidal, very fos-
siliferous ..... .. .. ............. .... . ......... . .. .. ....... . . . 3 ...... 2 
The entire section is referred to the StreptorhynchHs tenuicostatum 
zone of the Chapin m<:!mber. 
The following exposure of the Chonetes 11'tulticostata zone of the 
Maynes Creek member may'- be seen in an old quarry on the east bank 
. of Spring creek just north of the city of Hampton ip Franklin county. 
. >. i 
GILIIOAl CITY IOWA FALLS KI NDERHOOk · 'CORRELATION TABLE 
FOR IOWA 
I : DWEll 7. CHOUTUU-'HA.P11I11 
2. SHEFFIlLO I . ALOU 
1 'UASSY CIIUK ,. SEDALIA 
4. SAVEII11IN-IIAPLE IIILL 10. IUIILIIIGTOII 
S. LOUISIANA' II . ST. LOUIS 
5 . ENCLISH RIVEII- HANIIIIAL 12. PELLA 
SHErFIELD IIAYHES tU£K . LEGIIAND AIIANA WASSON VILLE IUAUNCTaN LOUIS'IAIIA . 
.-
FIG. 63.-Kinderhook correlation ~hart showing the thick section of the Hampton formation at Iowa Fans and emphasizing the unconformity at 
the base of the Hampton formation . Scale: 1 inch equals 100 feet. . 
it 
~ 
...... 
Z 
tl 
trJ 
::0 
:r: 
o 
o 
~ 
en 
ttl 
::0 
til 
en 
o 
'7j 
...... 
o 
~ 
> 
SECTIONS SHOWING EAGLE CITY BEDS 433 
. FEET INCHES 
7. . Dolomite, thin-bedded, soft, brown, interbedded with · much 
brownish gray fossiliferous chert ....... . " . . . . . . . . . . . . . . . . . . .. 4 3 
6. Dolomite, hard, brown, mqre massive than underlying and over-
, fying beds .... . ... . . .. . . .. ...... . . ... ... ... . ... ,....... ... ... 2 3 
5. Dolomite and chert, thin-bedded, brown, interbedded with hard 
brown to gray fossiliferous chert ... .... . .... .... .. .. .. . ... . ... 4 
4. Chert, hard, fractured, slightly banded, brown ' to white, fossili,f-
erous . ....... . ... . ... . .... . ....... . ...... . .............. . .. 10 
3, Dolomite, massive, yellow to brown, poorly fossiliferous ....... . 3 6 
2. Chert, yellowish to white, soft, filled with fossils . Chonetes mul-
ticostata, Spirifer platynotlls and Ca.marotoechia chouteauensis . . . 3 
1. Dolomite, massive, broWh to yellow, interbedded with fossilifer-
ous white chert in bands and in nodules . . : .. .. . .... . 1 •• ••• • , •• 8 
The following Eagle City exposure is, located just south of the high-
way bridge at Eagle City In an abandoned quarry. This is the type 
section of Van Tuyl. 
FEET 
8. Dolom·ite, thin-bedded, slabby, yellow to brown, contains a few chert nod-
ules and one or two beds of hard dark brown dolomite ........... . ...... 8 
7. Dolomite, massive, ,very soft, yellow, unfossiliferous .. .. . ... .. . .. . .. .... 8 
6. Dolomite, thin-bedded, soft, sandy, carrying a little chert. Upper part ap-
pears to be a reRla~ed oolitic limestone . . . , .. . .......... .. ......... . .. 10 
5. Dolomite, brownish, porous, possibly once oolitic, very fossiliferous .... . . 3 
4. Dolomite, chocolate brown, bedding planes about 8 inches apart, unfossilif-
erous .. . . . ......... .. .... . .. .. .............. . .. . .. . .... . .......... '.' '5 
3. Limestone, thin-bedded, gray, oolitic, fract~ed, very fossiliferous ... . .. . ly,l 
2. Dolomite, massive in upper part, thin-bedded below, dark brown, unfossil-
ife~ous . ... . .. . ... . . , . . . .. ....... .. . . ... .. . .. ... . .. ... ... . . .. : . ... '. . 3 
1. Limestone, thin-bedded, gray to white, slightly oolitic, very fossiliferous .. 3 
The lowe~ five beds are referred to the S pirifer ' biplicoides zone and 
the upper three to the StraparollUs zone. 
The following section 0'£ the upper part of the Eagle City member 
and the lower part of the Iowa Falls member is exposed in the Ells-
worth stone quarry on the left bank of Iowa river in Iowa Falls. 
FEET 
9. Dolomite, thin-bedded, soft, sandy, coarse-grained, unfossilifetous . .. I. • • • • 5 
8. Dolomite, brown, soft, sandy, thin-bedded, filled with casts of Straparollus 
obtllSllS and a simple coral. A Loxonema, a Conocardium and a Spirifer 
are also quite abundant . ....... .. . .. .. .. ... .. . .. .. ... .. . .. . ... . .. . .. .. 8 
7. Dolomite, fairly massive, chocolate brown, soft, containing calcite nodules, 
interbedded with ~reeri, red and brown shaly material . ....... .. . .. .. ... . 11 ' 
434 KINDERHOOK SERIES OF lOW A 
I 
FEET 
6. Dolomite, hard, p.or.ous, dark br.own, c.ontains calcite n.odules, many casts 
.of f.ossils, Spirifer platynotu.s, . RhipidQmella b14rlingtonensis and a Reticu-
laria ... . .. ...... . . ... .. ; . ......... . . ...... . ....... . ; .... . .... .. .... 2 
5. Shale,. s.oft, yell.owish, gray, blue, c.ontaining c.onsiderable lim.onite and cal~ 
cite, rests .on rather uneven surface .of .oolitic lime stene .. . .......... . . .. % 
4. Limestone, hard, thin-bedded, white t .o gray, .oolitic, much fractured, sty- . 
l.olites, veins .of calcite, filled ' with Camarotoechia subglobosa .... . ... .... 5% 
. 3. Limestone, ·dense,. hard, white t.o gray, lith.ographic, ripple-marked, thin-
bedded, p.o.orly f.ossilifer.ous. C.ontains tw.o d.ol.omite beds. Str.omat.op.o-
r.oids c.omm.on ....... .... .. ...... . ... . ....... . : .. .... .... . ... .. ..... . .. '. 12 
2. Dolomite,massive, br.oWn, filled with large masses .of calcite. Pyrite, sid-
erite and d.ol.omite crystals l.ocally ...... ... ........ .. ... . ............. . 60 
1. Dolomite, very massive,.dark br.own, banded,. very hard, unf.ossilifer.ous . . 7 
Beds 1 and 2 are referred to the Straparollus zone of the Eagle City 
. . ~ , 
tnember, . Beds 3 and 4 are referred to the Camarotoechia subglobosa 
zone' of the Eagle City. Beds 5 and 6 are referred to the Spirifer 
platynotJ,ts zone 'of the Iowa Falls member. Beds 7, 8 and 9 are 
referred to the Loxonema zone 'of the Iowa Falls member. 
'" . . ., . 
The following s~ction .shows the upper part of the Iowa Falls mem-
ber arid the lower part of the Alden limestone and is exposed in the 
old Ivanhoe ,quarry at. 73 of section 16, Rahge 21 West, Township 89 
North. 
FEET 
4. Limestone, . thin-bedded, s.oft, cream-c.ol.ored t.o bluish, bedded with green 
shale, slightly cI;in.oidal, c.ontaining very much fragmented f.ossils. Some 
p.orti.ons slightly .oolitic .............................................. 14 
3. Limestone, massive, s.oft, cream-c.ol.ored, filled with crin.oidal fragments.. 2 
2. Limestone, hard, massive, br.own t.o blue, partly crin.oidal. Fish tooth. 
Rests .on very uneven weathered surface .of I.owa Falls d.ol.omite ......... 4 1: Dolomite, thin-bedded, br.own, highly weathered, surfacen-regular, c.overed 
. with s.oluti.on pits. Nodular-like masses .of hard d.ol.omiteJeft .on surface. 4 
.Bed 1 is referred to the Iowa Falls member. Beds 2, 3 and 4 'are 
referred to the Alden limestone. 
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Beyer, S, W:, cited, 434; work on Kin-
derh~~k; 342 
BrachY,thyris, 399, ,400, 403; chouteau-
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county, 389; in Tama county, 389; 
named by Van Tuyl, 344; , near 
Hamptoh, 391; near LeGrand, 389; 
origin of name, 387; ' relations, 347; 
to Chouteau, 395; to Maynes Creek 
beds, 388, 394, 396, 403; to North 
.HiII member, 371, 394; to Schell-
wienella zone, 430; to Sheffield f~r­
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lingtonensis, 398; c~outeauensis, 380, 
. , 398, 408, 427 
Dip of strata in Io~a, 339 
'E 
Eagle City, beds near, 405; fossils from; 
408; section n~ar, 433 ' , 
Eagle City fauna, relation to that of 
Osage formations, 412 . . 
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lingtonensis, 362, 363; jejunus, 363, 
380, 381; quadrata, 362, 363 
Eldora, Eagle City beds near, 405,_ 409 
Ellsworth stone quarry, Eagle City 
beds in, 410; fossils from, 414; litho-
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acter, 413; distribution, 413; fauna, 
409,413,419; in Hardin county, 413; 
Loxonema zone, 414; named by Van 
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tion, 396; equivalent to Wassonville, 
371; fauna, 397; in chert bands, 400; 
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teau, 370; to that of English river, 
370; in Frankiin county, 371; in 
Louisa county, 368; in Marshall 
county, 371; name proposed, 344; 
relations, 347; to Chapin beds, 371 , 
394; to Chouteau of Missouri, 371; 
to English River formation, 369, 374; , 
to Schellwienella zone, 430; to Was-
sonville member, 369, 371, 372; stra-
tigraphy, 369; thickness, 368; zones, 
368 
Norton, W. H., cited, 403, 436 
Nuc1eospira barrisi, 380, 381, 394, 399, 
401, 402 
Nueula glenparkensis, 380, 401; iowen-
sis, 380, 401 
Nuttall, T., cited, 339 
o 
Oolitic beds at Gilmore City, 416; at 
LeGrand, 422 
Orbieu1oidea, 258; capax, 362; varso-
viensis, 398 
Orodus daedalus, 358; decussatus, 358 
Orophocrinus conieus, 414, 427-430; 
zone of LeGrand beds, 424; fossils 
in, 426; relation to Maynes Creek 
beds, 43.0; to Wassonville beds, 430; 
fusiformis, 414, 427, 428; stelliformis, 
414, 427 
Orthoceras, 382, 406, 425, 429; indian-
ensis, 362, 363, 381, 402, 409, 415, 419; 
whitei, 362, 363, 365 
Orthonychia, 401, 408, 416 
Orthotetes; 401, 416 
Osage series in Iowa, 339; relation of 
Eagle City fauna to, 412 
Owen, D.' D., cited, 339, 340 
Owen limestone, age, 346; relations, 
346 
P 
Pachylocrinus elegantu1us, 428; genista, 
426, 428; zone of LeGrand beds, 424; 
fossils in, 425; relation to Maynes 
Creek member, 426, 430; to Wasson-
ville cherts, 426, 430; globosus, 428; 
legrandensis, 428; scopae, 428; spar-
tarius, 428 
Palaeoneilo barrisi, 380, 381; zone, 
character, 369; distribution" 374; 
fauna, 370 
Palaeopalaemon newberryi, 358 
Paryphorhynchus elongatum, 392, 400; 
striatocostatum, 363, 364, 370; zone, 
character, 369; distribution, 374; 
fauna, 370; transversum, 362 
Pernopecten, 380; cooperensis, 380, 381 
P~anerotinus paradoxus, 365, 381, 382 
Phillipsia, 401 
Physonemus depressus, 358,; proc1ivus, 
358 ' 
Plant remains in Maple Mill shale, 358; 
in Sweetland Creek beds, 35'5 
Platyceras erectoides, 426 . 
Platycrinus, 373, 380, 393, 398, 400, 402, 
409, 414, 427, 429; agassizi, 428; 
symmetrieus, 426, 428 
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Platyschisma, 358; barrisi, 362, 363, 
365; depressa, 362, 363, 365, 381; mis-
souriensis, 363, 365, 415 
Pleurotomaria, 381 
P,orcellia, 358, 381; obliquinoda, 363 ' 
Posidonomya, 399; ambigua, 362, 365 
Pristic1adodus armatus, 358; springeri, 
358 ' 
Pristodus ? acuminatus, 358 
Productella, 358, 425; conc'entrica, 362, 
371, 3~O, 381, 392, 393, 398, 401, 402, 
426, 427, 430; numularis, 362 
Productus, 380, 398, 399, 408, 425, 426, 
429; arcuatus, 370, 371, 380, 381, 382, 
393, 398, 426, 427; ~lairi, 408, 412; 
curtirostris, 362; mesicostaIis, 362, 
365; ovatus, 358, 380, 392, ,393, 398, 
401,408,425,426,429; zone of Chapin 
member, 391; fauna, 392; sedaliensis, 
398, 399, 403, 414, '419; zohe ' of 
Maynes Creek member, 397; sections, 
431 
Proetus, ,381, 399-403, 407, 408, 428 
Prospect Hill, section at, 382 
Psephodus reticulatus, 358 
Pterinites whitei, 362, 363 
Pterinopecten nodocostatus, 425 
Ptychodesma, 402 
Ptyctodus ca1ceolus, 354 
,Q 
Quarries ,at LeGrand, crinoids in, 420 
R 
Reticularia, 355, 434; cooperensis, 370, 
380, 381, 399, 403, 408, 409; pseudo-
lineata, 414 ' 
Rhipidomella, 358, 430; burlingtonensil'l, 
370, 407, 414, 427; zone of Eagle 
Cityb~ds, 407; section, 433; dubia, 
426, 429; tenuicostata, 393, 398, 399, 
400, 408, 414,. 419, 425; thiemei, 380, 
381, 426 
Rhodocrinus, 373, 380; kirbyi, ,428; 
nan us, 428; watersianus, 426-428 
Rhombopora, 373, 408 
Rhynchodus cf. excavatus, 354 
Rhynchopora pustulosa, 370, 380, 426 
Rhynchotreta, 430 
Roth, Robert A., cited; 436 
Rowley, R. R., cited, 420, 436 
S 
St. Clair, Stuart, cited, 436 
St. John, Orestes, cited, 436 
St. Louis limestone, age, 349; named 
by King, 340; relations, 349 
Ste. Genevieve !ormation, age, ~49; , 
relations, 349 
Sardeson, F. W" cited, 436 
Savage, T. E., cited, 436; work on Kin-
derhook, 342 
Saverton shale, conditions during 
formation, 351 
Schellwienella, 380, '381, 392, 393, 401, 
414, 425, 4~6, 430; crenulicostata, 380, 
381, 398, 430; inaequalis, 362, 364, 
380, 381, 403, 427; infiata, 371, 380, 
393, 398, 401, 408, 412, 425, 427; 
planumbona, 371, 380, 381, 408, 425, 
427, 429,' 430; 'zone, character, 369; 
distribution, 374; ' fauna, 371, 425; of 
LeGrand beds, 422; relation to 
Chapin member, 430; to N'orth Hill 
member, 430 
Schizoblastus, 429; roemeri, 393, 431 
Schizodus, 381, 410; iowensis, 362, 363; 
sedaliensis, 380, 425; 
Schizophoria, 355, 358, 362, 408, 430; 
chouteauensis, 380, 381, 393, 398~400, ' 
403; sedaliensis, 427; subelliptica, 
380; swallovi, 362 
Schoenaste"r legrandensis, 426 
Schuchert, Charles, cited, 436 
Sheffield formation, age, 346; at Amana, . 
377; relations, 346; toChap'in mem-
ber, 387, 394; to Chemung, 385; to 
Hampton formation, 374, 387; to 
LeGrand beds, 430 
Shell Rock formation, age, 344;_ rela-
tions, 344 
Shimer, H. W., cited, 43'6 
Solenocaris strigata, 354 
Southeastern Iowa province, area, 34i; 
. Kinderhook in, 351 
Spathiocaris emersoni, 354 
Spergen formation, age, 348; relations, 
348 
Sphenotus, 381 
" 
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, Spirifer, 380, 399, 400, 402, 409, 414, 
\ 41 6, 427 ; biplicatus, 363, 364; bipli-
coides, 380, 381, 398, 399, 400, 402, 
408, .414, 419, 427 ; zone of Eagle 
City, beds, 407; section, 433; calvini, 
408, 412, 427 ; forbesi, 393 ; gregeri, 
399, 427; latior, 408, 412 ; legranden-
sis, 380, 393, 398-401 , 427 ; lbuisianen-
sis, 380, 381, 399, 4,14, 419, 426, 427; 
, maplensis, 363; marshallensis. 399 ; 
missouriensis, 393, 399, 400, 408, 409, 
412, 414, 419, 426 ; platynotus, 370, 
371, ~80-382, 393, 398, 403, 407, 409, 
412, 414, 415, 419, 425-427, 429, 433, 
434; zone of Iowa Falls beds, 414;' 
section, 434 ; striatiformis, 398, 400, 
403, 409 ; zone of Maynes Creek 
member, 402 ; subrotundus, 362, 363, 
365 
Spiriferina, 380, 398, 402, 408, 415, 427; 
solidirostris, 380, 393, 398-403, 408, 
412, 416, 427, 429, 430; zone of 
LeGrand beds, 424; fossils in, 429; ' 
relation to Maynes Creek beds, 430; 
subtexta, 380, 398, 400, 402, 408 
Springer, Frank, cited, 436 ; fossils col-
lected by, 358; work on Kinderhook, 
342 
Stookey, S. W., cited, 436; work on 
Kiriderhook, 342 
Straparollus, 382, 408; ammon, 363 ; 
angularis, 363, 365; lens, 381; ma-
crompha1us, 365, 381, 382, 401, 402 ; 
missouriensis, 429 ; obtusus, 371, 394, 
409, 410, 415, 419, 425, 430, 433; zone 
of Eagle City member, 409; section, 
433 ' 
Streptorhynchus, 380, 381, 427; tenui-
costatum, 393, 408, 410, 412, 415, 419; 
zone of Chapin member, 391; fauna, 
392; section, 431 
Stromatopora, 410 
Strophostylus bivolve, 362, 363, 365, 
381, 382, 401, 407, 428 
"Sub-Carboniferous", divisions, 340; 
names for, 339 
Swallow, G. C., work of, 340 
Sweetland Creek beds, age, 346; char-
acter, 355; distribution and thickness, 
352; exposures, 353; fauna, 354; in 
Muscatine county, 352; near Musca-
tine, 353; relations, 346, 354; to Chat-
tanooga shale, 355; transitional char-
acter, 351 
Synthetodus, 354 
Syringopora, 393, 410 
Syringothyris, 425; extenuatus, 362, 
364 ; halli, 380, 381; newarkensis, 392, 
393, 399, 400 
T 
Tama county, Chapin beds in, 389 ; 
Eagle City ' beds in, 407; English 
river beds in, 364, 378; geological 
map of, 442; Kinderhook in, 351; 
LeGrand beds in, 422 
Taxocrinus intermedius, 428 
Tester, A. c., help given by, 349 
Thomas, A. 0., help given by, 349 
Tigeria, 380, 401, 402 
, Trowbridge, A. c., help given by, 349 
U 
Udden, J. A., cited, 354, 436; fossils 
collected by, 357; work on Kinder-
hook, 342 
Ulrich, E. 0 ., cited, 436 
Upper Burlington at Wassonville Mill, 
379 
V 
Van Tuyl, F. M., cited, 352, 358, .)62, 
365, 370, 385, 387, 393, 395, 398, 401 , 
404, 412, 415, 433, 436; work on Kin-
derhook, 340, 342 
Vermicular sandstone, age, 340 ; rela-
tions, 340 
. W 
Wachsmuth, Charles, cited,. 436; work 
. on Kinderhook, 342; and Springer, 
cited, 420 
Warren,. P. S., cited, 436 
Warsaw. formation, age, 348; relations, 
348 
Warthia, 381 
Washington county, 'English River 
beds in, 360; Maple Mill beds in, 356 ; 
sections in, 383; Wassonville beds in, 
371 
INDEX 451 
Wassonville chert bands, 372; fauna, 
379; relation to Pachylocrinus zone, 
426 
Wassonville dolomite member, IIge, 
347; character, 372; distribution, 371; 
equivalent to Maynes Creek, 371; 
fauna, age, 382; fish fauna, 375 ; in 
Des Moines county, 371; in Iowa 
county, 372, 377; in Louisa county, 
371; in Washington county, 371; near 
Amana, 377; near Burlington, 371; 
at Daytonville, 372; near LeGrand, 
371; relations, 347; to Burlington 
limestone, 379; to English River 
member, 372, 375; to Maple Mill 
formation, 373 ; Maynes Creek mem-
ber, 377; to North HIll member, 371, 
372; sections, 375, 377; s,tratigraphy, 
372; thickness, 372 
Wassonville-Maynes Creek fauna, 396; 
in chert bands, 400 
Wassonville Mill, beds named from, 
371; , section at, 377, 383 ; Upper Bur-
lington at, 379 
Waverly group, age, 339 
Weller, Stuart, cited, 362, 365, 366, 370, 
436, 437; work on Kinderhook, 340, 
342 
White, C. A., cited, 437; ' work of, 340; 
on Kinderhook, 342 
Whitfield, work of, 340 
Wild Cat Glen, beds in, 413; fossils 
from, 415 , 
Wilder, F .. A., cited, 437 
Williams, H. S., cited, 339, 437 
Williams, I. A., cited, 437; work on 
Kinderhook, 342 
Williams, James S., help given by, 350 
W oodocrinus notatus, 429 
Worthen, A. H. , cited, 436; work of, 
340 
W orthenia, 380 
Z 
Zaphrentis, 399, 409, 416, 425, 426; cal-
ceola, 393 ; clifiordana, 380, 393, ,398-
402, 414, 427, 429 ; wortheni, 427 
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NATURAL MOLDING SANDS OF IOWA 
Introduction 
Natural molding sand is a mixture of sand, silt and clay in such 
proportions' as to make it adapted for ~se in various kinds of foundry 
work. Commonly the amount of clay varies from about five to nearly 
thirty per cent. 
, ' The amount of mat~rial of each size for the samples analyzed ' is 
_ shown in t!Ie table on page 460. The . figur~s given in the column 
q,esignated dOn 100", for example, indicate the percentages of the 
respective totals ' that remained on the screen having 100 meshes to 'the 
linear inch when the test was made. The same is true iri. each column 
having a similar heading. 
Tests on Foundry Sand , 
All tests given in the table on page 460 were made in accordance with 
the methods set forth by the Joint Committee on Molding Sand Re-
search (see American Foundrymen's Assn. bulletin, June 1, 1924, 
edition corrected Aug. 1, 1924) . This work was conducted by Dr. H. 
Ries of Cornell University, Ithaca, New York. 
Permeability.-The gases that are formed when molten metal is 
poured into the mold, such as steam and expanding air, must have an 
easy means of escape through the sand in such a way as not to disturb 
the position of the sand while the pouring and cooling are in progress. 
By means ' of the standard test used permeability is determined as the 
volume of air per ininute, per gram per square centimeter pressure, per 
unit volume in the specimen. ' 
Permeab,i1ity . is best when the various size grains of the molding 
sanq, are evenly di~tributed throughout the mixture. If the sand grains 
are too ' evenly covered with clay permeability may be low or poor. A 
small amount of very fine material obstructs the easy passage of 'the 
gases through the sand. Tpe clay, like other textures, should be 
evenly distribut~d throughout the mass. 
'- The best results in tests of bond strength seem to be obtained when 
the water content is between four and six per cent. The bonding 
strength is given in grams of actual weight of the aver~ge breaking 
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strength of a bar of molding .sand made under standard conditions. 
(See American Foundrymen's, Assn. bulletin, June 1, 1924) also bul-
letin SO, Illinois Geo!. Survey, by M. S. Littlefield.) 
Description of Iowa Molding Sands 
Bent'on County.-One exposure of good molding sand adapted for 
use in bench work and in other light work was found one mile east and 
one and three-fourths miles south of Garrison (the ne.arest railway 
station), where about ten feet of coarse-grained loess underlies some 
five feet of ' cover in a roadside cut. 
North of Shellsburg, two a~d one-half miles, near the middle of the 
east half of the northeast quarter of section 34, Township 85 North, 
Range 9 West, in a cut on the east side of the highway, is located a 
deposit of molding sap.d about ten feet thick. . Though. suited to use in 
gray iron work, this material for the most part lies under heavy cover · 
and has no commercial value at present. Apparently it is glacio-fluvial 
material formed as outwash at the margin of the ice during a reces-
sional stage of the Iowan .glaciers. . 
Black Hawk County.-in several places in and near Wa,terloo mold-
Ing sand has been produced but no areas of it are being worked at ' 
present. Most,. if not all, of this seems to have had an eolian origin. 
Alluvial sand and "bank sand" or that found in areas of glacial out-
wash east of the river have yielded core sand ~n this vicinity. Some 
of this' sand has been reworked by the wind. 
Along the bluffs nearly a mile west of La Porte City Doth east and 
west of the old quarry a layer of good molding sand, one to three feet 
thick; rests on glacial till ;md is covered with a zone of soil two to three 
feet thick. This area of .'molding sand is probably not very extensive 
and is doubtless of eolian origin. It is suitable for use in bench and 
light floor work. . . 
Boone County.-One location yielding a sample of .what seems to 
be an excellent molding sand was found in Boone county. It occurs in 
.a roadside bank where the road leaves a river terrace on the right side 
~f the Des Moines river valley and is about 20 feet above the flood 
plain. This location is about three miles west of Madrid in the south-
west quarte~ of the northwest quarter of s~~tion 27, Township 82 
North, Range 26 West. It lies beneath an 'overburden of nearly ten 
feet and is, therefore, of doubtful commercial value. ' Only field tests 
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were made on this sand. It is a river terrace deposit and was formed 
as alluvium at a tim~ when the surface of the river water was much 
higher than at present. 
Bremer Cottnty.-On~ mile north of Waverly in the southwest quar-
ter of the sou~heast quarter of section 26, Township 92 North, Range 
14 vVest, good molding sand was found in several places. Toward the 
northwestern, or windward ends of the eolian hills in this part of the 
county molding sand may be found in numerous localities. Such de-
posits range in thiCkness from a few inches to four . feet and are 
limited in extent to patches varying in size from a few square rods to 
half an acre. No sand from here has been used but the deposit has a 
·possibility as a short-lived fi~ld. 
Cedar County.-No molding sand is produced in this county but a 
good quality of .,material is found in several places in road cuts along 
Lincoln Highw~y west of Stanwood and west of Mechanicsville. These 
illustrate well the eolian type of origin and consist of alternating bands 
of sand and clay up to one inch thick. In a few of tnese outcrops good 
molding sand can be f()und in .layers lIP, to five feet thick. There is, 
however, little hope for commercia.! development because of the Ir-
regularity in thickness and extent of the deposits .. 
A Typical Section FEET 
1. Soil and subsoil ..... . ........... . ...... ... ..... ..... ...... ... . ... 4 
2. Clay, loess, .somewhat sandy ........ . .. ... .................. . . . ... 2 
3. Clay, loess, and sand, many alternating layers, less than one inch 
thick, mostly good molding. sand .................................. 5 
tDENTIFICATION OF THE SANDS IN TABLE . OF TEST RESULTS 
Number 1.. A core sand from the Prier pit at Marshalltown. See page 469 also. 
2. A molding sand from the Williams pit four miles east of Marshalltown, location 
and description given on page 469. 3. See page 463 for location of the place from 
which sample number three, a molding sand, was . obtained near Floyd Station in 
Floyd county. 
4. A molding sand from pit at Nora Springs, . Floyd county, operated by the Hart-
Parr Company. See page 463. 5. Molding sand from the Chinn pit on Harrison 
Road at Clinton. See also page 462. 6. A molding sand from the Vosburg pit at 
Clinton. See page 462. 7. A molding s;md from Oak Hill, Cedar Rapids. See 
page 468. 8. See page 471 for details concerning the molding sand from the Harris 
pit at Des Moines. 
9. A molding sand from the Ben Lufkin pit at Reasnor, Jasper county. See page 
464 and figure 69. 10. Core sand from the Franklin pit at Ottumwa. See page 475 
and figures 78 and 79. 11. Molding sand from Muscatine. See page 470 and figure 
74. 12. Molding sand from Johnson county about four miles north , of Iowa City. 
See page 464 and figure 70. 
13. Molding sand from Dallas City, Illinois. 14. Molding sa'nd from Milan, Illi-
nois. 15. Molding sand, "No. I", from Albany, New York (The analyses of numbers 
13, 14 and 15 are taken from bulletin number 50, Illinois Geological Survey, by M. S. 
Littlefield) . ' 
Tests of Iowa M olditlg S atlds 
No. On On On On On On On Through 
., 20 40 70 100. 140 200 270 270 
---------
1 .30 1.02 1.38 1.54 1.28 1.48 6 .9 45 ,7 
, 
---
2 1.92 57 .8 27 .9 7 .34 1.34 .34 .1 
r 
---- . 
3 .78 4.24- 1.8 1.48 1. 72 11 .34 54 .38 
------
4 .5 9.34 29 . 12 .88 5.34 '4 .68 7 .24 13 .34 
---
5 .94 8 .08 31. 9 15 .88 10 .1 12 .28 12 .46 
---
6 .24 4 .78 13 . 3~ 9.84 20 .3 19 .2 23 .14 
---
Clay Total Water 
Subs. per cent 
4.7 
5.8" 
6 .7 
39 .76 99 .36 8.5 
10 .5 
12 . 
13 .7 
2 . 
2 .82 99 .56 · • 2.4 
'. 3.5 
5 .7 
4 .7 
6 .6 
24 .. 99 .74 8 .2 
9 .7 
12 .6 
3 .2 
17 .02 99 .34 4.4 
6 .3 
8 .3 
5 .9 
7 .76 99.4 7 .6 
, 9.6 
4 .5 
8.26 ' 99 .14 5 .3 
8 . 
Bond 
Str. 
326 
336 
290· 
273 
121 
100 
88 
85 
268 
257 
240 
298 
290 
275 
131 
. 140 
131 
160 
142 
140 
Perm. 
1.4 
4 .2 
4.4 
4.4 
7 . 
7 .7 
7 .7 
185 . 
178 . 
167 . 
156 . . 
3 .1 
3.5 
4.4 
9.4 
7.7 
40 . 
50 . 
49. 
42 . 
17 .8 
19.5 
15 .7 
27. 
25 .8 
24 .2 
~ 
~ 
.0 
. r' 
t:l 
Z 
() 
{fl 
> Z 
t:l 
{fl 
o 
"Ij 
(3 
~ 
> 
7 481. 
---.--' -' 
6.28 7 .64 6 .78 5 .5 - 13 .8 
8 .26 6 .- 14 .06 1.5. 13 .44 18 .·8 
9 Tr. . 68 1.98 3.44 5.74 15 .24 
• \ 
--------
.10 .26 10 .06 59 .2 11 .5 1.34 .8 .94 
~-
---
11 Tr. .74 19 .74 14 .64 6 .64 3 .04 7 .64 · 
\ 
---------
-
i2 Tr. 2 .9 31 . 54 16 .34 , 6 .9 3 .48 2 .98 
13 .4 2 . 18 .7 12 .1 9 .3 . 13 . 5. 
-----------
14 1.2 9 .8 7 .1 7 .4 11 .S' 19 .8 
--- ---
15 .2 1.3 2 .9 9 .5 29 . 15 .9 
3 .3 
3.9 
39 .14 20 .1 99 .72 6 . 
8 .1 
4.3. 
18 .98 12 .64 99 .18 6 .3 
8 .4 
10 .3 
5 .8 
57 .2 . 17 . 99 .28 '8 .1 
9 .9 
12 .2 
4 .2 
2 .36 13 .3 99 .76 6 .4 
8 .8 
3 . 
. 25 .6 22 .06 100 .1 4 .1 
_6 .2 
.. 8 .2 •. 
- 3 . 
4 .1 
6.1 
12 .88 22 .26 99 .28 7.9 
10 . 
. 11 .5 
-
4 . 
29 .1/ 9 .4 99 . 6 . 
8. 
4 . 
33 .8 8.2 99 .1 6 . 
8 . 
4 . 
34.4 5.9 99 .1 6. 
8 . 
248. 
229 
197 
178 
----
247 
230 
150 
182 
186 
184 
345 
375 
· 290 
256 
219 
213 
265 
262 
251 
181 .5 
197 .8 
173 .8 
236.4 
271.4 
261.8 
140.3 
144 .2 
146 .0 
8. 2 
9. 
8 .5 
7 .9 
--~ 
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Clayton C ounty.-A high grade' silica sand is quarried from an out-
cr.op of St. Peter sandstone 'at Clayton. This is a clean white sand 
testing 98 per cent to 99 per cent Si02. It is the geological equivalent 
of the well-known silica sand produced at Ottawa, Illinois. , It is used 
in cast steel molding at Waterloo. ' 
Clinton County.-The pit from which sample number 5 w~ taken 
is located on Harrison Road about two blocks from Lincoln Highway 
and three to four blocks from rail spur at the plant of the Collis Manu-
facturing Company. The pit is owned by F. A. Chinn, and is a part 
'of s'everal acres in the southwest quarter of the south~est quarter of 
secti~n 14, Township 81 North, Range 6 East. 
" Section in the Chinn Pit FEET 
1. Soil and subsoil; a light brown' sand . ... .•. . . . . ... .. .. . ..... , ... .. 1-3 
2. Sand, molding. Shows dune structure in alternation of layers from 
one to five 'inches thick and containing less clay than other strata 
which have a similar thickness, which makes them stand out in relief 
as the face weathers. ' 
Sample number 6was taken from the P. E. Vosburg pit located neal 
the crest of the hill on Tenth Street. 
. S e'Ction of the Vosburg Pit FEET 
1. ' ,Soil .. . . . ..... . " . .. . .... . .... . . ... ..... .. .......... .. ... . . .. . .. . 3 
2. Sand, rootaing .. .. . . .. .. ... . . . .. ... . . . ... . ..... ... .... . .... . ... . . 2 '.~ 
3. Sand, core, exposed ...... .. ...... .... .. .. .... .... .. .. .. .. .. ...... . 4 
Along the slope of the hill on the south side of Harrison Road there 
are ,many small areas in which good molding sand pits could be opened. 
A test was made in a bank on Fourteenth Street on,e block, from Har-
rison Road and an excellent quality of molding sand was found. 
Dallas C ountY.-About three miles east of Redfield in the northeast 
corner of section 2, Township 78 North, Range 29 'West, the highway 
, cuts through an area of sandy deposits near the margin of , the Wis-
consin glacial drift. The field tests indicate that some of this , material 
is good molding sand and since it is located within half a mile of the 
Chicago, Milwaukee, St. Paul and Pacific railroad it may some time 
have a shipping value. An exposure of approximately 15 feet 'exists 
here under five to six feet of glacial till. 
Des Moines C ounty.-A few areas containing molding sand were 
' found on the low river terraces in the region south of Burlington. 
Some Of these areas are along the highway near the Burlington track 
in the east half of section 35, (Union) Township 69 'Nort1.I, Range 3 
I 
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West. This is partly a coarse, heavy, red sand suitable for use in 
medium to heavy castings but several grades for use in lighter work '. 
also are found here. 
Dubuque County.-No molding sand is produced in Dubuque coun-
ty. Most of the sand used here is brou~ht from the bluffs just across 
the river. On the Iowa side some loess is found but most of it is too 
fine for any use as molding sand. 
Floyd County.-Sample number 3 was taken from the roadside 
pit on the farm of F. O. Martin, 300 yards from the railroad station 
in the southeast quarter of the southeast quarter of section 9, Town-. 
ship 96 North, Range 16 West. This is an eolian ridge extending ·for 
-some distance in an east-west direction on both' sides of the road. The 
sample was taken from numbers three · and four of the section below. 
It is reported that some sand has been shipped from this pit. 
Section FEET 
1. Soil and subsoil ................................................. , 3 
2. Clay, tight and drY', "hard pan" ....................... ... . ........ 1~ 
3. Day, loess, leached, good molding sand ........ . ......... ... .... . 2 . 
4. Clay, loess, calcareous, to level of highway ....................... 4 
Sample number 4 was collected in the northwest quarter of the north-
east quarter of section. 18, Township 96 North, Range 18 West. This 
property is in charge of the Hart-Parr Compa~y and the sand is used 
in their . plant at Charles City . . ~ample was taken from numbers 2, 3 
and 4 of the section. 
Section FEET 
1. Soil and subsoil, brown, oxidized a-nd leached ... . . . . . . .. . . . . . . . . . . . .. 2 
2. Clay, arenaceous, good molding sand, leached ...................... 1 
3. Clay, arenaceous, first class molding sand, leached ................. 1 
4. Sand, containing three two-inch streaks, with much clay, leached; to 
bottom of pit ... . ............... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Several other areas in the county contain molding sand. Probably 
those having the largest extent are in Scott township several miles west 
of Marble Rock. 
Iowa County.-Several areas along the south side O'f the Iowa river 
.valley in this county contain good mol~ing sand but no exploiting has 
been done. A typical location and section is found in the highway cuts 
between the nort~ern parts of sections 3 and 4, Town'Ship 80 N oith, 
Range 10 West. 
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.s ectioll FEET 
1. Soil and subsoil .... . ... ... ..... ....... ..... . ... ... .... . . . ... .. ... 3-4 
2. Clay, arenaceous, loess, good molding sand, suitable for use in casting 
aluminum, brass and other light work . ..... . . .... .... . . . . . . . . . . . . . 10 
Jasper County.-In Jasper county the principal producing locality is 
near the city of Reasnor on the property of Mr. Ben Lufkin. The pit 
is in the southwest quarter of the northeast quarter of section 11, 
FIG. 69.-A view taken in the pit owned by Mr. Ben Lufkin at Reasnor, Jasper county. See 
below for description of the layers. of molding sand from which sample number 
nine was obtained. 
To~nship 78. North, Range 19 West. ' It is "cut in an eolian ridge ex-
tending in a northwest-southeast direction, a section of which is as 
follows: 
Section " FEET 
1. Soil and subsoil ....... . . .. . ..... ... ..... .... . .. .. ..... .... . . .. . . 2 
z: Molding sand, suitable for light bench work, used in molding alumi-
num work at Newton, Davenport, etc . .... .' .......... .. .. . . . .. .... 6- 8 
3. Sand used in asphalt paving work .. ...... .. .... ......... . ...... 10-12 
4. Glacial till ... ........ ...... . .. .. . .... ... ... ... ................ . 
This locality lies within a mile from the railway station, and its " 
elevation is high enough so that the h<l;ul is down grade most of the 
way. 
Johnson County.-Sample number 12 was collected from a roadside 
cut" on the Red-Ball highway in the northwest quarte~. of the southwest 
quarter of section 21, (Penn) Township 80 North, Range 6 West. 
The material was taken from number 2 of the section given belo"\Y. 
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Section FEET 
1. Soil and subsoil .............. ... . . . ....... . .. . .. ;' ....... .. ... ... 2~3 
2. Sand, argillaceous, reddish brown, a molding sand with good bond; 
adapted' to gray iron castings . . .............. : ............. ...... 4-'5 
3. Clay, sandy, with a few irregular layers of molding sand 4 to 6 inches 
thick, exposed ." .... . .... .... .. .. ". . .. . .. . ...... . .. . .. . .. . .. ...... 3~ 
This is eolian in origil]. and is located apout half a mile from the 
margin of the J ohnson ~ounty lobe of the Iowan ice as shown on the 
maps. (See fig . 70 and table, p. 460.) " 
F,G. 70.-Sample number 12 was obtained from the uphill roadside bank near the middle of 
this picture. Johnson county. see page 464. " 
A good exposure is found in a road cut west of Tiffin in the south-
west quarter of the northwest quarter of section 29 near the cemetery. 
The eolian character of the deposit is seen in figure 71. 
S,ection West of Tiffin FEET 
1. Clay and soil .. .. ................. . . .. . .. ....... .. . ..... .. ..... ~ 
2. Clay, sandy, molding sand for light to medium work (lens shape) .. 0-10 
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3. Sand, fine . : ... . . ... . .. .. .. . . . ... v .... ....... ... . ...... ... . • . .. 
4 . . Sand, clayey, noncalcareous, buff to yellow, suitable to use in gray 
iron and brass work ; to revel of highway .. .. .. ....... . .. . .. ....... 25 
Several other deposits of minor importance were found in the county. 
FIG. n.-The material seen in this cut was blown by tbe wind from the left, northwest. The 
hill has been built up hy successive additions, several of which can be seen over· 
l.apping those· below. Rows of concretions are seen near the right l)1argin. This cut 
is in Johnson county, west 'of Tiffin, as described on page 465. 
Lee County.-One locality having a grade of molding sand in 
quantity and quality indicating some degree of commercial promise is 
found in a ridge crossing the east-west highvyayin the middle of the 
eastern half of section '15, Township 67 North, Range 5 West. Thi~ 
is a deposit of river terrace sand worked oyer and developed as a ridge 
, . 
by the wind. This is within five :niles of Fort Madison and less than 
a mile from the Santa Fe railway. It is a grade of sand adapted to use 
. in gray iron work. 
Linn C ounty.-Two deposits of coarse red sand used as core sand 
and as molding sand for heavy castings were found in Linn county. 
One near Covington is on the east and south sides of the highways at 
the crossroads about one mile" south of the Milwaukee railway station, 
in theeasfhalf 6f section 15, Township 83 North, Range 8 West, on 
the farm of F . M. Davis. 
. Sectjol~ FEET 
1. Soil and subsoil ........ .. ... . .. .. .. .. ... .. . . ... .... . .. ..... . ... 2-3 
2. Clay, sandy, loess . . .......................... . ...... . ........... 1-2 
3. Sand, clayey, a molding. sand with good bond, adapted for use in me- . 
I . 
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dium weight to heavy castings . . . .... . ... . .. . ..... .. ... ..... . . . . . . 2-3 
4. Sand, exposed in road cut ..... . . ........ :. .. ................ . . . . 2 
The other location of coarse red sand is found in the southwest 
quarter of the southwest quarter ,of section 19, Township 83 North, 
Range 7 West, just east of Edgewood school No: 1 and also across the 
FIG. n.-The molding sand of sample number seven was taken ,from this pit , oll" Oak Hill in 
Cedar Rapids. The molding sand is at left of the weeds and the 16wf'r left corner 
, of the cut shows weathered Kansan till . See description on page 468,; and analyses 
on page 460. , .. 
/ 
road we5~ward and northwestward from the school property. It i~ in 
a ridge that extends nearly northwest and southeast, and, on whkh lthe 
Edgewood school is located. The section is very simil~f to that gi~en 
for the exposure neafiJ,Coving!rn~.. See location on special map p. 468. 
Other typical se~ti,pns on:t.fl~w~\~tFside of Cedar river in Linn county 
fndude molding sands having a fl:ner texture than those give~ above 
,and suited to use in gray iron, brass and aluminum work. One section 
which may: be taken as a type is found in the southeast quarter, of the 
southwest quarte~ of section 24, Township 83 North, Range 8 W~st, 
in the Red Ball road cut on the farrri l3.f L. Beemer. ,,-1.: 
Section on L. B~emer's Farm FEET 
1. Soil and subsoil .... .. ....... ... . . .. . .................... . .... . 2-3 
2. Clay, loess, hard .... . '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3 
3. Sand, rather fine-grained, loess, the grade used in brass, aluminum ' 
and light gray iron work, yello~ to brown, noncalcareous throug~-
out . . .... .... , ... . .. ":1' " ., ... ..... ... . . .... . . . .. .. . ...... . . . .. . 10-12 
4. Sand, coarser ....... : ... I: ;' .. .. .. . , .... ...... : ....... .. .. ...... ... 3 
., 
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, This deposit, like a similar ~ne across the r'oad south of it On the 
Weaver estate,.is several acres in extent. Several sections very much 
like the one on the Beemer farm are found southwatd on the west 
side of the river within.' five miies of .the city, and several others with~n 
the' city limits. 
Section at Oak Hill FEET 
1. Soil and, subsoil .... .. ........ . .......... .. .......... ... . .... ... . 2 
2. Clay, sandy, loess, buff to yellow, noncalcareous, a good grade of 
molding sand ........ . ............. .. ......... . ... , ... . ... .. .. ... 10 
. . :::fhi-s is the location from which sample number 7 was obtained. The 
property is owned and the sand has been used by , the 'iowa Steel and 
FIG. 73.-The black square shows the location of the Oak Hill pit. Black circles indicate 
, foundry sand of probable commercial vallie, A dot beside a black circle indicates 
, r!:d core sand. . 
Iron Works. It is aJ;!. eolian deposit on the leeward side of a small knob 
'of · Kansan glacial till, the top of which is seen in the alley at the rear 
of the. property. Sand from this ,pit was first used 'by the Dearborn 
Brass Works of ,Cedar Rapids to displace sand shipped from Albany, 
N. Y. 
Louisa C ounty.'-A. typical deposit is found about two miles east of 
Fredonia, just east of the middle of section 22, Concord township, in 
a road cpt on the "Great White Way". On the south side of the road, 
I • 
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the property is owned by E. S. Curtis and on the north side by Mrs. 
l\'fary D. Newell, both of Columbus Junction. 
S ection F EET 
J. Soil and subsoil ...... . . .. ...... ... . ........................... 3-5 
L. Sand, molding, loessial material, chiefly ' of the type used in bench 
work . . ... . ... . . . .. ..... . ..•..... . . . .... . . .. ... . ......... . ..... 10-16 
There are doubtless other areas along the east. side of this ancient 
lake that contain molding sand, most of which lies hidden at a depth , 
of several feet. This material has the appearance 'of having been blowlll 
from the west or northwest to its present hillside and hilltop positions. 
Marshall County.-Sample n4mber 2 was taken from the pit o~ned 
by Lester Williams and located about four miles east of Marshalltown 
in the northeast . quarter of the sout11\~est quarter of section 28, 
(Marion:) Township 84 North, Range 17 West. This pit is located 
. about one-fourth of a mile from the Chicago Great Western railroad. 
The pit is near the top of, ~ hill and the highway leads directly to the ' 
railway cross.ing· near the foot of the hill. 
Sectioll. FEET 
1. Soil in field of clover . . ........... . ..... ... . . . . ... .. .... . ... .. . . 1 
2. Loess, molding sand, buff, with "KindcQen", calcareous throughout, 
texture fine to medium ... '.' ..... . .. ... ... ... .... . . . . ... .. . ... . .. 8-10 
Pit M~ the Corey M~ore Farm 
This pit is on the east bluff of Timber creek on the .farm of Corey 
B. Moore near Rockland quarry in the southwest quarter of the north-
.east quarter of section 17, (Le Grand) Township 83 North, Range 
17 West. T~is pit is worked by J. O. Winebrenner of Marshalltown. 
The product is ' a fine to ' medium-grained molding sand and is used by 
foundries in Marshalltown: 
Core sand is produce9 for loc~l use at the pit of the Walter H. Prier 
Company near their plant two blocks north of the Fair Grounds in. 
Marshalltown. 
Section ill the Prier Pit . FEET 
1. Soil · and subsoil .... . ......... ..... .... . .. . ,.. .... . .. .. ... .. ...... 2-4 
2. Sand, with several 1, to 2 inch seams of br,ownish clay ........ . .. .. 2-3 
3. Sand, finer in texture and cleaner, exposed .............. . . .. ..... 3 
Sample number 1 was taken from numbers 2 and 3 in this pit . . The 
position, extent and structure within the pit indicate that it is a dune 
ridge whose .sand probably had 'its origin in a flood-plain deposit. 
Montgomery C ounty.--An exposure of 'material said by experienced 
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foundrymen to be an excellent molding sand occurs in the bluff beside 
the railroad about a mile southwest of · Red Oak on the farm of Anton 
Neuman in . the southeast quarter of the north'west quarter of section 
32, Township 71 North, Range 38 West. 
The section here shows about ten ·feet of sandstone very poorly con-
solidated and having in .its upper part several layers or bands of 
limonite from one-half inch to two inches thick. Above this in the 
section is two and one-half to three feet of conglomerate which. in 
turr;' is covered by several feet of glacial till in the slope of the hill. The 
molding sand lies below the limonite layers, which are several inches 
apart. The overburden is so thick that this material has not been used 
for several years. If the ove~burden ' or part of it could be used for . 
road material, it and the molding sand might again become an ecoriom~c 
poss ibili ty. 
Muscatine County (See map p .. 474) .- A pit which has been pro-
ducing for ten years or more is located opposite the Heinz Manufa,ctur-
ing Company's plant in a northern suburb of Muscatine within 100 
yards of the electric railway. This property was in charge of E. O. 
Burnside in 1925. 
Section of Pit FEET 
1. Oay, loess . .. . . ....... .. . .. . ... . . .. ... : ....... ... . ........ . ... . 5-6 . 
2. Molding sand, contains alternating seams of coarser and finer tex-
tures but makes a good average .... ....... : .... . ..... .. .. .... ..... 5-S 
. 3. Clay, glacial till, exposed . . . .............. . ..... . .. .. . ... . .. .... 2-3 
The extent of this deposit is unknown but it seems to include several 
~cres. Probably it decreases in thickness, giving way to loess toward 
the top of the hill. 
Good molding sand is found · also in several narrow eolian ridges 
which cross the "Great White Way" north of the middle of section 34, 
Towrtship 76 North, Range 3 We~t. Most .of this is in the northwest 
qUilfter of the · section and lies on the upland about eight miles west of 
Muscatine. These ridges vary from 100 yards to a quarter of a mile in 
length and contain molding sand one .to three· ·feet thick under .two to 
three feet of soil. 
Good core sand of eolian origin but probably not of . commercial im-
portai1ce was found in the southwest quarter of the southwest qua,rter 
of section' 29, Township 78 North, Range '1 East, and .in a roadside 
cut near the middle of the north line of the northeast quarter of section 
2 . Township 77 North, Range I West. · qoodred core sand is found 
I . 
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about one and 'one-half miles east of Muscatine in a bank on the side 
of the River road in the northeast quarter of the southwest quarter of 
section 30, Township 77 North, Range 1 Wes't, and also .on the west 
side of section 28 where the same road ente'rs the section abou.t ' three 
,miles east of Muscatine. 
F,G. 74.-A view in the pit at Muscatine from which sample number .11 was taken. See page 470. 
A good sand used in the blast for cleaning castings is produced by 
scre.ening alluvial sand at the plant of the Northern Gravel Company. 
Polk County.-The only producing pit in Polk county is the Leon 
Harris pit in Saylor township, in the northwest quarter of the north-
east quarter of section 22, Township 79 North, Range' 24 West This 
property lies along the Interurban tracks no~th of Highland Park near 
the paved road:' It is also near the Saylor Center school. Several 
grades of sand may be obtained from this pit, ranging from fine , to 
coarse-textured material. 
S ectioll . FEET 
1. S'oil and subsoil ... .. . . ......•.............. , . . . .. .... .. .. ... . .. . 3-4 
2. Sand, molding, with 2-inch layers of coarser sand . .. . . . . . . . . . . . . . .. 3-4 
Sample number 8 was taken from nU,mber 2 of this section. The 
deposit apparently extends for some distance to the west and to the 
north. See figure 75. 
.' 
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Other Deposits of Moldit~g Sand 
Several deposits of good molding sand were exposed at the time this 
survey was made along banks and vacant lots on north Sixth A venue 
and one at Shawnee Avenue. These will decrease m availability ,as '. 
'FIC. 7S.-A view in the Harris pit at 'Des Moi~es showing three openings. each of which pro· 
duces a molding sand slightly different from the others. Sample number eight was 
obtained from the large pit in the foreground. See p,age 460. ' 
this suburb develops. .A layer of rather coarse molding ~and ' about 
one foot thick was found on the property of the, Flint Brick Company 
\ 
near the top of the bluff. Most of this is in the east half of the south-
east quarter of section :24 of Saylor township. 
These deposits seem to be eolian in character 'and in topographic 
position. They lie along the slope and near the top of a rise which is, 
southeast of the broad, flat flood , plain of Des Moines. river where the 
present valley crosses the ancient valley of its predecessor. This al-
luvial plain probably is the source of the wind-blown sand. 
Scott County.-One-fourth of a mile south of Dixon in the -road 
cut is an ,exposur e 'of good molding sand 10 to 12 feet thick under a 
cover of soil .and subsoit' three to five feetJhick. This occurs in the 
form of a narrow ridge of loess half a mile long extending nearly 
northwest and southeast. Thousands of tons of molding sand are 
available here at a distance of less ' than half a mile from the railro~ds 
(C., M. , St. P. & P. , an'd the c."R. I. & P.). It is yellow to brown 
I 
I 
, 
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in color -and is of the type of sand used in aluminum arid light gray. iron 
work. It is eolian in origin.· 
F,G. 76.-The first twelve feet upward from the bottom of the road cut shown here is good 
moldin~ sand. This "is located near Dixon, Scott county, as shown on the map 
on page 474. • 
At Donahue two good exposures of molding sand were found about 
a mile north of the railway station: one a few yards east of the cross~ 
roads and one about 300 yards north of the intersection. The sands 
here are ' coarser than at other places described for this county. 
A bank of loess at the roadside one and three-fourths miles east of 
Long ~rove stands 25 feet high under cover of five feet of soil and 
subsoil. It has the right texture for molding sand for light bench 
work and is located within half a mile of the paved hig.hway between 
DeWitt and Davenport. An abundance of this sand is in evidence. 
A few other places . in the C01:l11ty could produce molding sand but 
have no commercial value for. this purpose at present. See map, fig. 77. 
Tama County.-Molding sand of good grade and thickness is 
found on th~ south and east sides of the highway intersection east of 
Montour 'in the northwest quarter of the southwest quarter of section 
26, Township 83 North, Range 16 We,st, on Lincoln Highway. Here 
as in several other places more than one grade of sand can be obtained. 
oS ection East of M ontoltY FEET 
1. Soil and subsoil .... ....... : . .. ... :', . . ..... .. .. .... ... ......... .. . 6 
2. Clay with sand, molding sand for light floor work ........... .. .. ... 3 
3. Clay with fine sand, for use in brass and aluminum castings . .... ... • 5 
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Several exposures of good molding sand are found in the road cuts 
along Lint;:oln Highway on the' north side pf the Iowa river valley in 
the eastern part of the county with Chelsea as the nearest central point. 
A corresponding series of deposits occurs als~ on the south side and ' ort 
I , 
I 
I ,. '.' I ' 
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FIG. 77.-Pits producing molding sand are shown in shaded squares. Areas believed to be 
possible commercial producers are shown in black circl"s. Tbe black circle just 
east of Muscatine indicat.es locatioll of red core sand. Open circles indicate unim· 
portant localities. 
the south bluff of the valley chiefly in (Richland) Township 82 North, 
Range 14 West. None of these deposits has been exploited. , 
About two miles east of Tama on Lincoln Highway in the road cut 
at the Sumniit farm, the following section was seen. 
Section East of Tama , FEET 
1. Soil and subsoil ................. . .... . .. .' ,.. .... .... . . ...... .. . 4-7 
2. Oay mixed with sand, a good molding sand for light work . ...... : . 6-10 
At several other places both east and we~t of Tama openings could 
be developed as producing pits of qlolding sand. 
Wapello County.-The foundry sand production of Wapello con-
sists chiefly of material ,that is used as core sand. ,This may be classed 
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as river sand, "bank sand" and bluff sand. The first of these is allu-
vial; the second, : chiefly' eolian; the third is probably eolian and re-
sidual. 
Eddyville.-The "yellow bank sand" half a mile east of Eddyville 
is obtained from a p'it in an area decidedly eolian in character. This 
area is located at the top and on the upper slope of the valley wall 
along the eastern boundary of the northeast quarter of section 6, 
Township 73 North, Range .1S West. 
On the farm of the owner of this property" Mr. S. L. Lemmon, a 
ridge has been formed. by drifting sand along an old fence roW and in 
this ridge, Mr. Lemmon reports, two fences have been buried deeply 
-enough to require that new fences be built. 
Ottumwa.-Sample number 10 was taken from the HenryJ. Frank-
lin pit, see figure 78, at the upper end of Randolph Street and ne~r the 
middle of the boundary line between sections 13 and 14, Township 72 
. North, Range 14 West. 
Section in the Fraltklill Pit FEE~ . 
1. Soil and subsoil .... . .... . . .... ........... . .... ..... ............ 2 
2. Clay, loess" mottled brown ........ '.' .. .. .. . . .. . . .. . .. . . . .. .. .. .. 3 
3. Clay, loess, mottled gray and browh .. : .... . . ... ... ....... ... ... 4 
4. Clay, loess, dark color ...... , ................. .. . ... ... .. ..... '. . 3 
5. Sand, mixed with clay, red, core sand, also used as molding sand for 
extra heavy castings ....... . .................... ' ............... : 6-10 
6. Sand, red, finer in texture tha,n number five above; to bottom of pit 3-5 
FIG. 78.-A view in the Franklin pit at Ottumwa where sample number 10 was obtained. ' This 
shows the methods employed in exploitation. See ,page 460. 
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Sand is taken ,from .numbers 5 ;,tnd 6 of this sectiQf.} :an<;lloaded into 
box cars about one mile from the pit, see figures 78 and 79 .. 
FIG.' 79.-The method of loading cars at Ottumwa with molding sand from the Franklin pit. 
Ottumwa. is shown hel·e. ' 
Similar sand is found in a pit opened at the foot of the hill, half a 
mile south of the Fr~nklin pit, along the creek opposite ' the base ball 
park, and also on both sides of Sauth Walnut Street near South Main 
Street. . ' 
Origin.-The position of this ' material above the Kansan till and 
on east side of the valley suggests that it is eolian sand covered by loess. 
It is noncalcareous throughout and this with its deep ~'red color indi-
cates that the entire section given above has been subjected to intense 
or prolonged weathering. It is therefore believed to be a natural mix-
ture of glacial, eolian and residual material. 
This sand is used extensively by the Holland Furnace Company at 
Cedar Rapids. 
Geology 
'Foundry sand or molding sand as it is more commonly called is a 
mixtcire, of several sizes of sand with clay and ~ater. The propor-
tions of each size of sand differ considerably as may be seen from the 
table C?f analyses given on page 46Q. The clay commonly ranges from 
five per cent to thirty per cent and the water from three to eight per 
cent, with a few ext~emes exc~eding these limits. It must be coarse 
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enou~h to permit the gases from the molten metal as it cools to pass 
through between the grains easily and yet without causing movement 
among them. For use in making small screws, small lock keys, and 
other small objects of brass and aluminum, a very fine sand is necessary 
. and 'loess is commonly employed for this purpose, also for some of the 
larger and heaV'ier wor~, but for much .of the l.atter a coa:rser sand 
must be provided: Natural mixtures of these subst~nces., are ~oni­
monly used except for special kinds of work and for steel' c·as~irig. 
FQr these artificial mixtures are prepared. " . 
. Few of the deposits Qf molding sand studied .seem to be the result 
.of a single geological process. 1\1ost of the'!! are found to havt; orig;i-
l!ated from the work of several agencles, one, of which, the · ~ind, is 
chiefly dominant. Some of the terrace deposits, that west of Madrid 
in Boone county' for example, are strictly alluviaJ,-having been' formed 
as flood-plain deposits at a time when the river .valley was ' not so 
deep as at present and then covered to a' depth of several feet before 
a part of the valley bottom was cut down to its present level. 
On wide flood plains the wind seems to have moved much of the 
finer material and so~e of the coarser, depositing it in ridges or other 
foqns of drift on the flood plain. Most of these dune ridges extend 
in a, direction approximately northwest and southeast. Good examples 
of this type are found at Marshalltown and on the Mississippi ter-
races southwest of Fort Madison. 
Some of the alluvial deposits of the flood plains have been swept by 
high wi,nds during the dry seasons to the borders of the valleys and 
even to the slopes and bluffs beyond, forming deposits of sand and 
loess. · These deposits are almost invariably east and. southeast 'of the 
source of the material in them, which position indicates northwest to 
. west winds during the time of deposition of each. Deposits of this type 
·located on the top of .the bluffs .are well illustrated in Marshall and 
. Jasper counties. Pits located on the slope are found on the east side 
of the river at Cedar Rapids, in the city of Clinton, in the Highland 
Park section of Des Moines and in the northern suburbs of Ottumwa. 
Some of the· larger river valleys, such as the Iowa in Muscatine' and 
Louisa counties and perhaps others, may have served as lake basins 
during the time that glacial ice formed dams across them. If so, the 
deposits blown from the bottoms of such river valleys are partly lacus-
trine in their origin. 
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Glacio-fiuvidl.-When glacial ice is melting the resulting water 
brings to its margin large quantities of clay, rock flour, fine sand, 
coarser sand and gravel. These materials are sorted by the water and 
in some places, the sands and clays are mixed in the right proportions 
to serve as molding sands. It is · obvious that such mixtures will be. 
small and irregular in extent. The best examples of this type seen are 
in Dallas county east of Redfield and in Benton county north of 
Shellsburg. 
Glacio-eoli'an.-On the uplands along the margins of the Iowan and 
Illinoian glacial deposits there, are mounds, ridges and dunes of mix-
tures of sand and clay 'in various proportions. These materials, like 
most of the molding sands, are found southeastward from their 
sources. While the molding sand in these deposits- is somewhat . ir-
regular in thickness and extent, it is .also found to be among thostf 
sands that rank highest in quality. 
Materials of this origin are derived from marginal gla~ial . deposits 
by eolian extraction, transportation and . deposition. Examples of thj.~ 
. type are found in Fayette, Bremer, Johnson and Muscatine counties. 
Eolian and residual.-In nearly all deposits that yield foundry sand 
weathering has played an important par·t as to origin, especially near 
the surface. , :{t is only in the older Pleistocene deposits that weathering 
can reach its maximum influence working alone. ' When a large area 
of much weathered material is subjected to transportation by the wind 
it may be formed into hills and ridges composed of weathered ma-
terial throughout. 
Given sufficient time a deposit may weather and leach deeply. In a 
favorable position, as near the brink ~f a valley bluff in a region of 
higher and lower precipitation ' and water table, weathering takes place 
m,ore rapidly than elsewhere in the vicinity <!-nd considerable depths 
of oxidation may be reached much more quickly than in' the other 
topographic positions, The deposits at Ottumwa are intensely 
weathered but it is 'not entirely clear how this intense and deep oxida-
tion was accomplished. ' 
Reasons for "Importations" 
Lack of Knowledge.~Iowa molding sarids are little known. Few 
who own land of potential production car; recognize molding sand when 
they see it and most of them do not even know that they have such a 
I : 
REASONS FOR IMPORTING SANDS 479 
thing on their property. Many of these owners when this identification 
of material is made for them are doubtful abeut its cemmercial value 
er are financially unable to. undertake its' deve1epment er are afraid 
to. de-se. Theugh, leundrymen want to. buy sand fre~ semeene who. 
makes a business ef selling it, seme ef them have been ferced to. buy 
a pit er to. lease ene and eperate it in erder to. ebtain a reliable grade 
ef material. The expleitatien ef melding sand, like t):tat ef any ether 
kind ef material, sheuld be cenducted by respensible peeple. . 
The business of marketing melding sand in many places.is cenducted 
by teamsters er truckmen who. engage in it for the purpese ef ebtaining 
employment by hauling. They de net · knew melding sand either and 
some of them are very careless in .leading it. They will put into. the 
lead clay or ether material that is easy to. obtain and thereby reduce 
the quality ef the sand er pessibly destrey its value entirely. 
The sand' eccurs in zenes or layers belew the soil and subsoil, which 
is cemmenly two to. three feet thick. Beneath this seil the ' zene ef 
molding sand may be .enly ene er two feet thick but in mest localities 
a' thickness' ef five to. ten feet may be feund. In several places a thick-
ness ef 15 to. 20 feet exists. 
It is therefere necessary fer these who werk in the .sandpits to. know' 
thoroughly the material they are putting on the ma'rket and to. use great 
care in doing so.. In several coundes in Iewa pits that weuld yield geed 
molding sand have lost customers through carelessness in leading when 
filling orders . 
. Lack of Experiment.-Because ef lack of experiment a full knewl-
edge ef the practical uses and adaptations ef Iewa foundry sands is 
net available fer distributien to. these who. may be able to. save meney 
by 'using Iewa's natural preduct. Some experimental werk ' might be 
prefitab(y carried en by the varieus feundries ef the state and seme 
by engineering experiment statiens. ' 
Lack of Desi1'e.~Seme ef the men who. are empleyed as melders In 
Iowa feundries were fermerly engaged in the same werk in eastern 
states. and insist that they be provided with the same sand that they 
used there. This insistence brings much eastern sand into. Iewa every 
year. That Iewa sand is equal in value er superior to. the eastern sand 
is shewn . by the experience ef the Dearbern Brass Works at Cedar 
Rapids where sand frem a well-knewn lecality ef New Y erk (Albany) 
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was replaced by Iowa sand more than five years ago at the request of 
the superintendent in charge and has b~en used exclusively ever since. 
Prepared Sa~d 
Nearly all of the larger foundries and most of the smaller ones use 
in molding some sand that has been mixed in somewhat definite pro-
portions. , In steel casting a clean sand and a pure clay are used. 
Most of the core sand used in gray iron work is artificially. mixed 
with clay after being carefully screened. Of the mixed sand used in 
Iowa, however, the greater part is made by combining portiol1s of 
natural molding sand from two OT more localities. It is a common 
conception' that any sand whose' cost is high, is a good one and that it 
will improve the quality of al1Y ~and with which it may be mixed. 
Partly for this reason sand from Albany (New York) e'njoys a 
large sale in Iowa. This is also true of some of the ' sand shipped here 
from" Illinois and Ohio. 
Some firms 'are now offering' for sale molding sand prepared for use 
in each of the respeCtive classes of foundry work. Such sand is findIng 
increasing sale in Iowa, espeCially among the larger fOundries, whose 
work is chiefly that of filling orders obtained by contract in 'which , the 
manufacturer is to meet specificatlons' requiring carefully standardized' 
*mk. : '
Sum~ary and Conclusions 
Molding sand is found on 'and near the bluffs east and southeast. of 
the larger stream valleys or of large curves in these 'vaileys. It is 
found also on the upland in, interstream ,areas in Benton, Cedar and a 
few other counties. It occurs chiefly in depositS believed to' be eolian-
and some of these ate in the form of ancient dunes now cover~d with 
soil. Part' of the molding safld in some of these old dunes is a residual 
mixture. 
In many places the deposits consist of thin layers of argillaceous sand 
'alternating with thin layers of silt or clay in such quantiti~s as to give 
the right proportions of these ingredients for molding sand. The 
grains of sand are coated with iron oxide. which gives them a color 
varying from red to' buff. In many places this coloring of the sand 
grains is somewhat uniform through a depth of five to twenty-five feet 
in the deposit. These deposits are believed t9 have been accumulated 
by action of the wind. When wind velocity was . high the ,layers of 
CONSUMERS OF MOLDING SANDS 481 
coars~r material were transported .and this gave way to deposits of silts 
and clays when the wind velocity was low. Much of the coloring was 
I 
done probably before the material was trapsported to its present posi-
tion. Sbme of the s'maller deposits of molding sand may be partly 
fluvial in origin. 
There is an abundance of nearly all kinds of molding sand in Iowa 
,and some of each is now being used in the various foundries of the 
state. The principal producing counties . are Polk, Jasper, Marshall, 
Cedar, Floyd, Johnson, Musca.tine.and Wapello. Our own sand should 
be used much more extensively instead of that shipped here from other 
states. 
Consumers of Molding Sand 
Boone.-Boone Foundry and Machine Works; Quinn Wire and 
Iron Works 
. Burlington.-Murray Iron Works 
Ce¢ar Rapids . ....:.....Cedar Rapids Foundry and Machine Co.; Chandler 
Pump Co.; Dearborn Brass Works; Foster Brass Works; Holland 
Furnace Co. ; Starry Foundry Co. ; Universal Foundry Co. ; Iowa Steel 
and Iron Works 
Charles City.-Har.t-Parr Company 
Clarinda.-Lisle Manufacturing ~ompany 
Clinton.-Climax Engineering Co.; Clinton Lock Co., Lyons; Iowa 
Machine 'Yorks . 
C01mcil Bluffs.-Griffin Wheel Co.; Kimball Bros. Co. 
Davenport.-American Sash Weight Fot,mdry; Black Hawk Foun-
dry Co.; Davenport Locomotive ,Works, Davenport 'Machinery and 
Foundry Co.; Frank Foundry and Machine Co.; Frenc~ and Hecht 
Manufacturing Co.; The Red Jacket Company . 
Des M oines.-Des Moines Foundry and Machine Co.; Eagle Iron 
Works; Green Furnace Company; Keith Furnace Company; New 
Monarch Foundry; Wood Bros. Thresher Company 
Dubuque.-The Adams Company; Key City Iron' Works; Klauer 
Manufacturing Company; A. Y. McDonald Manufacturing Company; 
The Smedley C-ompany 
.Fairfield.-'-Dexter Washing Machine Company; Iowa Malleable 
Iron Company , . 
Fort M adison.-Cushman Machine Works 
Iowa City.-Iowa City Iron Works 
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111 arshalltown.-Central 'Foundry Co.; Lennox Furnace Co.; Victor 
Furnace Co.; Walter H. Prier O!>mpany (brass) 
1I1uscatine.-Muscatine Boiler and Sheet Iron Wocks.; Niver Iron 
Works 
Newton.-Maytag Manufacturing Company; Newton Foundry 
Company 
Oskaloosa.-Ideal Manufacturing Company; Iowa Valve Company_ 
Ottumwa.-Hardsoeg Manufacturing Company; Ottumwa Iron 
Works 
Perry.-Progtessive Foundry 
.Red Oak.-Kerrihard Company 
Sioux City.~Iowa Foundry Company; Sioux City Foundry and 
Boiler Company 
Waterloo.-Hawkeye Foundry Company; Headford Bros. and 
Hitchins Foundry Company; Swift Manufacturing Company; Water-. 
100 Gasoline Engine Company , 
CONSUMERS OF WHITE SIqCA CORE SAND ' 
Bettendorf.-Zim~rman Steel Company 
Fairfield.-Iowa Malleable Iron Company 
Keokuk.-Keokuk Steel Casti~g Company 
Waterlo().-Hawkeye Foundry Company 
SOURCES OF FOUNDRY SAND USED IN IOWA 
Molding Sand.-Iowa Steel and Iron Works, Cedar Rapids; Rart-
Parr Company, Charles City; F. A. Chinn, Harrison Road, Clinton; 
N. Leon ~arris; Box 5.07, Des Moines; Iowa City Iron Works, Iowa 
City; Lester Williams, 8th St., at Fairgrounds, Marshalltown; J. C. 
Winebr'enner, 904 E. Main, Marshalltown; E. C. Burnside, 306 E. 
Second St., Muscatine; Ben Lufkin. Reasnor, Jasper cO'unty 
Core'Sand.-C. W. Messer, 534 10th Ave., Clinton; Eddyville Coal 
Company, Eddyville; Walter H. P~ier, Marshalltown; Ottumwa Sand 
Company, Ottumwa; Iowa Foundry Sand Company, Waterloo. 
Silica Sand (For steel molding).-Langworthy Sand Company, 
Clayton . 
Blast Sand (For cleaning castings).-Northern Gravel Company, 
Muscatine 
Molding Sand.-Illinois., Akin, Batavia, Collinsville, Dallas City, 
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East Dubuque, Elgin, Galena, Gladstone, Granite· City, Milan, Molin(', 
'. I , 
Ottawa, Warren, Wilbur, Wyanet 
Indiana. Michigan City 
Kansas. Atchison 
Michigan. Locality not known 
. Minnesota; Ottawa . 
Missouri. . Kansas City 
Nebraska. Endicott 
New York. Albany 
Ohio. Conneaut, Sandusky 
South Dakota. Sioux Falls 
Wisconsin. Beloit, Burlington 
. I 
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Materials 
A single nodule, about one-half inch in diameter, picked up on the 
. , 
Rock Island railroad tracks in Iowa City by Mr. William Shurtz and 
handed to Mr. Herbert Belans)d of the University staff and by him to 
Professor A. Q. Thomas at ,the University" forms the basis for this 
paper.' I am under obligations to Professor Th~inas ' for the oppor-
tunity to confirm his identification of the fossilized remains enclosed 
within the nodule as . a part of the cartilaginous* brain case, the brain 
and semicircular canals of a Paleoniscid fish allied to RhadinichthYs. 
Director G. F. Kay ha,s made the study and publication possible by 
providing financial aid. Although numerous nodules of this type have 
been described (see papers by Eastman, Moodie, Parker and Watson) 
yet the present discovery provides an important new locality for the 
brain-containing nodules; the nodule itself is split so that the ventral 
aspect of the brain is' more clearly shown than in any of the scores of 
brain-containing nqdules examined from the Coal Measures of Kansas 
(Moodie, '15; '20) ; it shows that the brain practically fills the brain-
• Wat~,!n (,25) states that the endocranium is fully ossified. 
. I 
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case, as Watson ('25) suggested; and, it shows something of the brain ... 
case. Anyone of these features would justify this description. 
It has not been thought feasIble to attempt any preparation 9f the. 
fossil, so it remains as it was found. The nodule bears the catalogue 
number· 13-338 of the Department of Geology, University of Iowa. -, 
The drawing (figure 82) is from . the pen of · the experienced artis·t , 
Mr. John L. Ridgway, of the California Institute of Technology at . 
. Pasadena. 
" Historical 
I have already given C~100di~, '15) a: complete review of the pres-
ervation of neural structures, including an annotated bibliography of 
writings to that date, and there is no need to· go over. the grour.d so 
thoroughly covered. It remains to discuss the contributions of Stensio 
('25) and Watson ('25) on brains and brain case, reserving an ac-
count of Stet:lsio's ('21) and Watson's ('28) writings on the organiza-
tion of the Paleoniscidae for a later section. . 
.. No author has added so richly to our knowledge , of neural form 
. among Paleozoic an4 Triassic vertebrates a~ has Stensio. It is not 
necessary here to add an ,extensive literature list. of Stensio's · ichthyo-
logical writings, but I will state that his accounts and illustrations of 
the brain and nerves of the Upper Silurian (Downtownian) Cephalas-
pidae and ~f the. pevonian Arthrodire Macropetalichthys are without 
paral1~1 in the realm of vertebrate paleontology. . 
In Stensio's (,25, pages 80-81, fig. 17 ;158; 176-177, fig. 57; 192) 
discussions of the family Saurichthyidae, allied to the Paleonisc'idae, 
fr-om the· Triassic of Spitsbergen: he says: . 
"On the whole, the brain of the Saurichthyids was of the Actinopte-
rygian type. The telencephalon must have been of about the sa,me 
order qf "size as in ordinary teleosts ". . . ." ' This is very pertinent 
matter in determining the systematic relationships of the " ancient family 
of Paleoniscids, discussed in the next section. 
When poctor Watson visited the United States I, discussed with him 
the nature of the paleoniscid brai'ns and gave l:Iim some nodules which 
I had collected near Baldwin, Kansas. These nodules later (Watson, 
'25, p. 832 ) furnished the basis f'~r Watson's deter!l1ination of a small, 
but typical and clearly functional myodome of a thoroughly Acti-
nopterygian type (See Watson's figures, 9 to 20) . This discovery was 
possible 'because the bone and cartilage within. the nodules was' perfectly 
• t 
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friable and easily removed with a blunt needle. After the cavity was 
'thoroughly cleaned impressions were made in wax, thus furriishing ma-
terial for a q.iscussion of the brain case and the myodome, a structu~e 
.peculiar to fish,es, often calledthe 'eye-muscle c'}nal, li~ited to certain 
teleosts. , This is more fully discussed in another section. 
' .. 
The Primitive Stu~geons of the Family Paleoniscidae 
The ganoidfishes of the family Paleoniscidae are of extreme interest 
to paleontologists be,cause during their long geological history from the J 
Devonian to the Jurassic (Dean, '23, p. 55i2) they were associated with 
and were related to the Crossopterygian ganoids which gave rise to 
la~d vertebrates, the Tetrapoda, and to the air-breathing Dipnoans, on 
- the one hand, and on the other to the family 5aurichthyidae, through 
which' they w.ere related to . the bony fishes, the ' Actinopterygians, to 
which so many modern. fishes belong. In fact the cartilaginous ganoids 
of the later Paleozoic and earlier Mesozoic stood in a strategic position, 
giving rise to successful characters for al.l modern, osseous vertebrates, 
though they themselves f3:iled, dying out either in late Jurassic or early 
. Cretaceous time. 
When Woodward published his Catalogue in 1891 more than 
twenty-five genera were assigned to the group of ' chondrostean fishes 
called the Paleoniscidae. The group is known from Europe and North 
America. ' Stensio's memoir ('~l) i~ largely devoted to !he Paleonis-
. cidae of the Triassic of Spitsbergen. No revision of the family has 
been published within recent years. 
FIG. SO.-Restored outline of the body form, scutellation and fins df RhadiJlichihys albert. (Jack· 
son), a Paleoniscid ganoid from the Albert shales, -Carboniferous, of New Brunswick, 
Canada. This species is the one most abundantly ~epr.esented from the Albert shales. 
lt evidently swarmed in countless nwnbers in the water" of its time. In some of 
the beds 'numberless remains of fishes can be attributed to the occasional wholesale 
destruction of the fishes.-Aftcr ·Lambe. 
'one genus of the family, Rhadinichthys (Hussakof and Bryant, 
'1~; Lambe, '10), ·is of especial interest (Figure 80) bec,ause a nodule 
" 
494 , 'NEW P ALEONISCID BRAIN 
containing the head of 'a fish of this genus from the Mississippian of 
Kentucky furnished Eastman ('07) and Parker ('07) the material on 
which the earliest account of the brain was prepared. 
The present specimen of a ' Paleoniscid may belong to the genus 
Rhadinichthys, but there are no characters on which we may base an 
identification. The nodule itself and the retained brain look like the 
nodules from the Coal Measures of . Kansas (Moodie,' 15). It is ap-
parently not possible to say definitely what the geological age of the 
Iowa specimen 'is, but I believe it to have been derived from the Coal 
Measures. 
The Paleoniscidae were all rather small fishes, the largest attaining 
a length of a few inches. Lambe ('10) has written a very splendid 
a~count of the conditions under which the Paleoniscidae of New Bruns.! 
wick were preserved. 
TheN odules Containin~ the Brains 
The phosphatic nodules containing the paleoniscid brains are of ' a 
somewhat uniform appearance ~nd apparently all have ' the same struc-
ture. N one of them exceeds an inch and a half in length by three-
quarters inch in breadth. All are apparently derived from calcareous 
f!' 
I . 
FIG, 8J.-The oldest known fossil Paleoniscid brain, dra'wn with the a id of a reading glass 
from the Qriginal ' photograph, furnished by Dr. Eastman, natural size, of the speci· 
men of Rhad,",chthys deml' Eastman, a ganoid' from the Waverly shales, Mississip· 
pian, of Kentucky. The posterior part of the ,brain has been hroken away. ,At the 
anterior tip of the olfactory tract, is seen a poorly preserved enlargement wliich, may 
represent the olfactory sac. Enlarged 2.5 times. 
, ' 
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shales. Their microscopic structure has been determined (Moodie, 
'20) but to this day no one knows , why such brain-containing nodules 
refer exclusively to the single family, the Paleoniscidae. N or: has any-
one explained why such perfect brains are preserved in these nodules. , 
They ar~ not casts, since I have shown that (Moodie, '20) there is a 
meningeal space .filled with interlacing ' threads ' of calcite. So far as 
we know organic structures are not preserved within the brain sub-:-
stance. The present specimen shows a closer approximation of the 
brain to the brain case, but this ' is largely due to the fact that the 
v.entral aspect of the brain is exposed, and it is. natural to conclude that 
the inferior brain surface would more 'nearly approximate , the:: 
-meningeal wall than the superior surface, be<;ause of gravity . . 
The. Myodome 
The .purpose of this section is to call more fully to attention the, in-
teresting observations and results of Dr. D. M. S. Watso~ ('25) on 
unpromising material-a' 'small series of nodules from the Coal 
:Measures of Kansas. He discovered, described and figured, for the 
first time, the myodome in the fossil family Paleonis~idae. The myo-
. dome was clearly functional and indicates the presence of large eye-
balls in these small ancient fish. This is substantiated by, my earlier 
(Moodie, '15) discovery of a large orbit, with a large optic nerve 
foramen leading into it. 
The myodome is developed in response to the growth of the rectus , 
muscle of the eye-ball. Its anatomy in recent fishes has been considered 
at length by Allis ('09, '19) . . This, eye muscle canal of fishes has a 
cO,unterpart among the higher vertebrates (Allis, '19) and while its 
occurrence in these Coal Measures fishes has undoubted evolutionary 
importance, yet .,its functional adaptation must not be' lost sight of. 
The size and importance of the myodome is to be correlated with the 
optic lobe. " 
The Nature, of the Brain 
The brain of this ancient fish, as in most modern primitive fishes, 
is essentially a smelling and seeing organ, as is witnessed by the large 
size of the olfactory tract and the optic lobes (figures 81 and 82). 
In spite of the great antiquity of the present specimen, dating as it 
probably does from the Coal Measures (figure 8~), yet the bfain 'is 
essentially actinopterygian. This means t\1at although the Paleon-
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iscidae were ancient fishes of a primitive, organization, they had never-
theless shown strong inclinations toward the bony fishes 'in such a man-
ner as to exclude them from the stem forms which led' to the higher 
vertebrates; the tetrapoda. ' 
Observations on the ,New Specimen 
The, new specimen presents the following measurements: 
Length of nodule . . ...... / ' ,' . . . . . . ... . .. . 26 mm. 
Width of nodule .. : . . . . . . . . . 24 
Length of brain as preserved . . . 18 
Length ofolfactc~ry tract . 5.5 
Length of optic lobe . . . . . 8 
. Diameter of hypothalamus ... ' ....... . ... . .... _. 1 
Length o'f semicircular can~ls, as preserved ........ . . 10.5 
mm: 
mm. 
mm. 
mm . 
mm. 
mm. 
FIG. 82.-The new Paleoniscid brain from the Coal Measures (?) of Iowa. No. 13-338. ' Depart, 
ment of Geology, University of Iowa, The ventral aspect of the brain is shown ante-
rior to the cerebellar region. - ' , , 
b. c.=brain case '(cartilaginous?) represented ',by very friable granular calcite, 
ear=This rounded 'area, symmetrical on the two sides, may represent the position of 
the otoliths. 
hyth=The nuclear enlargement doubtless represents , the hypothalamus. 
m=The dark line to the left of the letter "m" represents the thin meninges. greatly 
reduced on the ventral aspect of the brain. 
o. t.=The olfactory tract is more elongated than in the brains described from Kansas. 
T.he olfactory sac is hidden beneath the fossilized brain wall . Swelling of tract 
is unique. 
s. c.=Semicircular canal, ventral aspect of a, vertical canal . ending in ampullary en-
largements. obvious only by careful examination under binocular microscope. 
Canals flattened. less ,than 1 mm. in diameter. 
s. g.=Primitive segmental grooves and ridges, Two narrow prominent ridges' on right. 
t, a.=Structures ,ventral .to tuberculum acusticum. (See figure 81.) 
v . r .=Ventral ridge, broken. Broad T-shaped swerting at the - posterior 'end may 
represent the ventral continuation of the cerebellum. 
Enlarged 2~S times. 
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, It presents for consideration the ventral surface of the brain for 
the first time ' since these objects have' received attention. The most 
obvious differenc.e is in the absence of the prominent cerebellar lobes 
from the ' ventral ~urface. The broad T -shaped sw~11ing of the 
posterior end of the ventral ridge (Fig. 82, 'v.r.) is assumed to indicate 
the ventral continuation of the cerebellum. Immediately posterior to 
this area there is a pronounced constriction and then a moderate ' ex-
• f • \. 
panslOn. 
The optic lobes (Fig. 82) form the largest part of the brain struc-
ture preserved. 'Their ventral surfaces are mar~ed with broad; shallow 
grooves and sharp, narrow primitive segmental ridges. 
- The ear is represented by parts of the anterior and posterior vertical 
semicircular . canals on each side and a space · which may have been 
occupied by the otolith (Fig. 82, ear). The canals are flattened and 
less than 1 mm. in diameter., They end in poorly preserved ampullary 
enlargements. There is no evidence to show that the otic elements 
were any different from those of modern 'fishes. _ 
The meningeal space is fairly narrow, except for such pockets as 
occur lateral to the' hypothalamus (Fig. 82, hyth) : The spaces through-
out are filled with friable granular calcite. The ventral part of the 
meningeal spaces would necessarily' be narrower than the dorsal, on 
aCGoun,t of the weight ofthe:hrain and thepuU of the nerves. , 
The olfaCtory tract presents an appearance different ' from that 
described in the case of the Kansas specimens (Moodie, '15). Both 
present a swelling, but th~ Kansas material shows this nuclear area to 
have been .. more localized. The terminal olfactory sac is not shown 
but doubtless lies below the fossilized brain case . . Attempts to expose 
the sac by removing the friable material would have ended disastrously. 
In all other respects the new :brain specimen (Fig. 82) corresponds 
with' those described from the Coal Measures (Moodie, '15). 
It is possible that the elevation spoken of as the ventral'ridge (figure 
82, v.,r.) is not entir~ly neural in origin. A part of it may repre~ent 
t,he endocranial cast of the floor of the brain case. l'he ridge itself is, 
however, so badly broken that this matter cannot be determined from 
this one specimen. 
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. The :mineral ,industry showed improvement in nearly all its branches 
'during 1928" Quantities' and values were ,greater in cement,· coal and 
.stone, and the value of sand and gravel ,sold was great~r even though 
the quantity was somewhat less. The day and gypsum ~orking 
industries showed dee1ines, slight in the case of clay wares but serious 
in the gypsum products , business. These decreases are doubtless to 
~e attributed to tightening of business conditions, resulting in less 
building! as similar falling off was observed in production of building 
sand and gravel. , 
In the U riited States as a whole mineral producti<;>n showed little 
change-from 1927. The total value·' of all products was $5,384,90'0',0'00 
in 1928 as cbnfrasted with a value of. $5,529,50'0',0'00 in 1927, a decline "-
of -2 per cent. This decrease was due almost entirely to a lowering, 
in the value of miner-al fuels produced. The quantity and ·value of 
coal and pefroleum decreased; although more gas and natural gasoline 
wen: produced. H is interesti~g to note the relative values oi metallic 
and nonmetallic materials produced in this country. For 1928 these 
were as follows: 
Metallic " .' ..... . . . . .. .. . :. . . . . . . . . . . . . . . .. $1,284,580,()()() . 
Nonmetamc except fuels . .. '.' .. . ..... , . _, .. , 1,206,1'58,900 
Mineral fuels ....... . ..... . .. .. . ,.... . .... 2,884,962,000 
Others ... . ... "~' . . ............. , . . . . . . . . . 9,200,000 
$5,384,900,000 
• Statistics for clay. wares are collected, by the Bureau of the Censu~. Other statistics are 
collec.ted and compil'ed by the Bureau of Mmes in co·oper .. tion with the Iowa' Geological S1l!vey. 
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Mineral Prodllction ill Iowa ill 1927 and 1928 
1927 19'28 
Product Unit ' 
. quantity value quantity IIalue 
bbl. 
Cement .. . .. . . . ... . . .. 
Clay wares . .. . .. .. . ... 
376 lb. . 5,661,234 $ 9,124,405 6,880,731 $ 10,734,838 
5,194,780 5,048,774 
CoaL .... . . . .... . .. . .. ton 2,949,622 9,304,000 3,683,635 10,525,000 
Gypsum .. . ... . ...... . . ton 723,942 . 6,713,497 719,736 5,355,214 
Limestone and lime ..... ton 1,278,056 1,267,033 1,666,270 1,742,252 
Sand and graveL ...... . ton 3,981,143 1,839,176 . 3,423,619 . 2,094,955 
33,442,891 35;501,033 
CEMENT 
The production of Portlan<;l cement in Iowa was 31 per cent greater 
in 1928 than 'in 1927 and shipments were 22 per cent greater. This 
increase may be attributed .in part, no doubt, to the state's extensive . 
road-making program, which · involves the building of a great number 
of cement culverts and bridges as well as . the paving of many miles 
of roa<;lway. Improved business conditions permitted resumptiort of 
operation at the Gilmore City plant of the Northwestern States Port-
land Cement Company, which had been idie for two years. With the 
reopening of this plant all six factories of the st~te were in operation. 
Three of the plants, the newer ones, use the wet process of manufacture, 
while the others use the dry process. Even with improved conditions 
production 'and shipments were far below the real capacity of the plants, 
as is, shown by the figures given below. 
'The ' manuia:cturing district th~t includes' Iowa, eastern Missouri, 
Minnesota and South Dakota increased production by 16 per cent and ' 
shipments by 14 per cent in 1928 over 1927, although,the average price 
per barrel declined from $1.60 to $1.56; Figures ' f?r produetion in 
Iowa follow. ' " " 
Prodllction of Cement i ll Iowa 
1926 " 1927 , 1928 
=-~~--~------------------~--~~~~~~~~ ,~~==--= Production, bbls. _______________ -'________ 4,925,811 , 5,415,144 7,070,172 
Stock, Dec. 31, bbls. ___ __ ___________ _____ 1,616,84~ 1,370,481 1,559,925 
Shipments, bbls. __________ ~._______ _ ______ 4,788,639 5,661,234 6,880,731 
Shipments, value ___________ _____ ________ $8,167,341 $9,124,405 $10,734,838 
Average factory price per bbl. __ ~__________ $1.71 $1.61 . $1.56 
Consumption, bbls., Est. _ ~ ________________ 2,826,839 . 3,708,471 5,348,807 
Consumption per capita, bbls., Est. ___ _____ 1.17 1.53 2.20 
Surplus production, bbls. __ ______ _________ 1,961,800 1,952,763 1,53{,924 
Aimual capacity, bbls. ____ ~-~------ ~ - - ---- 6,575,000 7,935,000 9,593,000 
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Sl1ipments -of cement from ' n~i1ls into Iowa by months in 1928 were 
as' follows: . 
Jan. _.____ 30,488 Apr. _____ 405,654 July _____ 873,528 Oct. _____ 442,740 
Feb. ___ ~ _ 41,520 May ___ __ 929,356 Aug. _____ 813,328 Nov. _____ 96,294 
Mar. __ . ___ 149,705 June _____ 790,414 Sept. ____ . 738;450 Dec. _____ 34,397 
Some statistics for the United States in 1928 are given herewith: 
Production ,I 
Aver. 
Shipments fact. 
States Plants price 
bbls. bbls. value per bbl, 
Alabama . ... . . . . ..... 6 6,749,202 6,696,684 $ 8,233,872 $ 1.23 
California . .. . . . . . . . . . . 12 13,555,579 13,699,851 25,906,942 1.89 
Illinois . .. .. . .......... 4 7,334,833 7,405,667 11,602,848 1.57 
Iowa ............ . . . .. 6 7,070,172 6,880,731 10,734,838 1.56 
Kansas ..... .... . . .. . . 7 6,574,219 6,787,568 10,091,330 1.49 
M!chiga~ ... . . .. ...... 14 13,848,561 14,044,230 19,268,707 1.37 
M.1SSourl ..... . . . ... , . 5 7,881,118 7,943,367 12,367,018 1.&.6 
Ohio ...... . . .. . .. . . . . . 10 9,233,033 . 9,364,338 14,928,18~ 1.59 
Pennsylvania .. .... ... . 26 41,522;401 41,161,019 62,572,588 1.52 
Ten:n~ee .. .. . . ... . .. 6 4,689,703 4,634,280 6,322,213 1.36 
Texas· . . . ....... . . .. .. 7 6,345,604 6,231,083 10,938,646 . 1:76 
Other States ... .. . . . .. 53 51,494,421 50,989,514 83,005,760 1.63 
- . -. . Totals. \ . : ......... 156 . 176,298,846 175,838,332 275,972,945 1.57 
1927 ....... . ... . .... 153 173.206.513 i 71.!l64. 728 278,854,647 1.62 
-
. ". ~ ... '" 
Consumption of fuel for cement making in tnel1nited ' States in 
"~928 was: Anthracite coal, 210;390 tons; bitumlnou~' co.al, 9,592,041 
tons; oil, 3,508,038 barrels of 42 gallons; natural gas, . 30,660,348,200 
cubic feet. The use .of fuel per barrel of cement '(376 pounds) pi'o-
duced was: Coal, 131.1 pounds; oil, 0.2495 barrel ; natural gas, 2,133.7 
cubic feet. Dry process plants burning coal used 122 pounds per- ' 
barrel of cement; while wet proces~ plants used 148 pounds per barrel. 
Dry process plants burning oil used 10 gallons per barrel of finished 
cement and wet process plants 'used 11.2 gallons per barrel of cement. 
CLAY WARES 
/7 . . 
The output of brick of various kinds was. somewhat gri!ater in 1928 
than in 1927, but as prices were lower the value was less. Just the 
opposite conditions· prevai1\!d in the case of hollow ware, as the output 
was less but the value great~r . . However, the total value of the output 
was somewhat less than in 1927 and fewer plants were active. It seems 
that the manufacture of clay products is being concentrated more and 
more in the larger plants of the state, presumaoly those that have 
easily accessible and large deposits of high grade clay and that ~re 
. J 
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clbse to large markets. In 1928 forty-eight plants located in 30 coun-
ties were operated. as compared' with SS plants in '33 counties in 1927. 
Because of the small number of piants it is necessary fo combine the 
statistics of most of the counties, as very few counties have three or 
more producers. It. should be noted, perhaps, that in the table showing 
output by counties the total at the foot of each c~lumn is not the 
sum of the. items ·given in' the column, as it was necessary in several 
cases to transfer items from one column' to another. The totals given 
are those actually applying to the classes of ware named in the different 
columns. . 
. The-:first table here given sijows the production in 1927 and 1928 
groupe4 by',classes 9f materials: The second shows output by cou~ties 
j'~ 1'928. . 
. Prodllction of ,Clay W ares by Classes 
, ~ '. 
',. ,I' . . ~ :.~ , " 
1927 1928 · 
Class 
quan . quan. 
No. . thous. . value No . thous. value 
Common brick . ... . . . , ., . 36 51:,885 $ 564,425 40 ~7;224 $ 640,684 
.Face ,brick .. . . ........... .. 20 . 23,720 397,945 23 . 19,449 359,366 
Hollow and vitrified brick 8 14;448 257,325 4 14,343 140,803 
Hollow building tile 
(a) Partition, load-bear- tons tons 
ing, furring, book tile 30 232,575 1,363,354 35 . 235,148 1,623,247 
(b) Floor~arch,. silo, . and 
corn crib tile; conduits; 
, 'radial chimney blocks; 
fire-proofing . , . .... , .. , 10 60,486 403,299 9 52,798 398,969 
Drain tile . , .. , . .. . . . ... . 41 176,404 1,167,542 . 37 130,235 1,018,074 
Sew,er pipe . ....... . . , . . , 4 65,322 913,676 4 52,639 71~,~33 
Flue lining , .. , ... .. ..... 4 3,925 46,778 4 4,599 49,101 
Wall coping , ... ' .... . ... . 
Floor tile, segment blocks, 
4 972 17,924 4 868 13,252 
flower pots, other ware . 7 . 45,996 7 . 68,025 
Clay sold . ' .. , .. ... . . , . .. 3 2,828 15,216 4 2,339 22,020 
----
55 5.194.780 48 5,048,774 
. Th~ Bellevue pottery ~ontinues the manufacture of red earthenware 
flower ,pots and siinilar ware. The clay sold raw is mostly classed as 
fire clay, although a little is of finer grade and is said to be used in 
soaps. Clay sales in the United States in 1928 amounted to $12,200,-
739, to. which fire clay contributed $7,480,609, kaolin, $4,088,003., and 
other kinds less~r amounts. ' 
I 
Prodllcliotl of Clay Wares in Iowa ill 1928 
-
-~~ 
~ -
CJ 
-
::s Brick (a) Hollow ware (b) 
"0 Counties 0 ' , 
... p.. 
. , 0 
Z thous. value . tons value , 
-
AIlamakee (1), Dubuque (1), Fayette (1), 
Floyd (1) .... ... .. .. .............. 
Appanoose (1), Henry (1), Jefferson (1), 
4 2,919 $ 36,826 · 20,632 $ 147,168 
Johnson (1) . .. . . .. . ... . . . . . . .. .. . . 4 677 8,972 2,157 17,151 
Audubon (2) Woodbury (2) ..... .. .... . 4 22,531 254,468 4,794 32,523 
Benton (1), Grundy (1), Hardin (1), 
Tama (2), Wright (1) ..... . . . .. . . ... 6 2,276 33,590 (e) 
Cerro Gordo (2), .Franklin (1) ... . .. ... . 3 6,656 88,135 152,121 1,103,492 
Dallas ... ...... . .. . ..... .. . . ... . . . .. 4 4,747 72,ll0 44,002 299,143 
Jackson (1), Scott (1), Washington (1) . 3 (d) 2,000 34,378 
Jasper (1), Mahaska (2), Powes~iek (1) . 4 7,800 76,959 (f) 
Keokuk . .. ..... .. .. .. . ....... . .. .. . .. 3 (e) (e) 
Polk .... . ... . ........ . ...... . ... . .. . 4 19,073 297,310 19,505 589,023 
Story (1), Wapello (1), Warren (1) . . ... 3 3,629 43,787 18,574 . 127,388 
Webster .. . ......... . . . .... .... .. ... .. 6 ·,20,597 236,449 35,563 247,683 . 
Total for 1928 .' . . . : .. .. :: . . ... . ; . .... 48 91,016 1,140,853 287,946 2,022,216 
Total for 1927 .. . ' . . .. . . : .. . . . .. . ... 55 · 90,053 1,219,695 293,061 1,766,653 
(a) Includes : Common brick, face brick, hollow brick, paving and other vitrified brick. 
(b) Includes : Partition, load -bea-ring, floor arch., silo and corn crib tile, fire -proofing, etc. 
(c) Includes : Floor tile, flue lining, wa ll coping, segment blocks, other products, pottery, raw clay. 
(d) Included in Hollow Ware .. 
(e) Included with Drain Tile. 
(f) Included with Brick. 
. 
Drain tile, sewer 
pipe, other prod-
ucts (c) 
tons value 
(d) , 
. 
1,714 $ 15,900 
46,526 370,805 
23;490 198,032 
(d) 
807 6,053 
17,860 195,969 
15,180 163,290 
8,792 64,478 
65,496 758,292 
182,874 1,885,705 
251,000 2,208,432 
Total 
Value 
, 
$ 183,994 
26,123 
286,991 
49,490 
1,562,442 
569,285 
34,378 
83,012 
195,969 
589,023 
235,653 
1,232,424 
5,048,774 
5,194,780 
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The leading states of the Union in the making of clay wares in 1928 
were these: 
State I Brick and tile I 
California _____ _____ ___ __ __________ $ 16,721 ,960 
Illinois ____________________________ ·26,328,670 
Indiana ___________________________ 12,932,816 
Iowa ________ ~ _______ ..;"_____________ 5,048,774 
Kentucky __________________ ________ 6,954,582 
~l~~~~~f ========================== 1~:g~U~~ New Jersey ___ ___ _____ _________ ___ . 18,160,009 
New York ________________ _____ ..: __ ' 15,422,513 
Ohio ______________________________ 47,867,039 
Pennsylvania _______________ _____ __ 40,861,414 
Texas ____________ _________________ 5,992,538 
West Virginia ________ ___ ___ ~ ______ 5,019,880 
Total for U nited States _______ 1 $265,770,513 1 
COAL 
Pottery 
$ 4,271,387 
5,698,215 
3,613,895 
158,941 
3,291,289 
21,219,269 
7,051,892 
33,981 ,383 
7,067,389 
, 184,264 
14,007,665 
$107,780,369 1 
Total 
$ 20,993,347 
32,026,885 
16,546,7l1 
5,048,774 
7,113,523 
6,310,586 
14,891,273 
39,379,278 
22,474,405 
81,848,422 
47,928,80~ 
6,176,802 
19,027,545 
$373,550,882 
The coal industry began its laborious climb out of the slough of 
despond in which the ' strike of 1927 had left it, and production in~ 
creased materially over that of the preceding year. While the· output 
was not equal to that before the strike its increase shows that the in-
dustry is once more on a good footing. Brightening prospects ha,ve 
increased the number of mines, particularly the smaller ones, whose 
owners are not able to continue operations when conditions become . 
adverse. It is unfortunate for Iowa, however, that ·as a result of the ' 
strike the Superior Coal Company closed its mines in this state and has 
withdrawn from the Monroe county field. As this was for many 
years the leading producer in the county, and indeed in the state, its 
removal affects Monroe county's production seriously. For several 
years Marion county has held the lead which Monroe had for so long; 
because of the opening of the rich Marion county fields by the Consoli-
dated Indiana, Pershing and Red Rock Coal Companies at the same 
time that the large operators of Monroe county were approaching the 
end of thejr activities. In 1918 Monroe's coal output was 2,31'7,900 
tons, as compared with 351 ,764 tons in 1928. Marion county's output 
in the same years was 609,266 tons and 848,294 ' tons respectively. 
Large gains were made in 1928 over the preceding year by Appa-
noose, Lucas, . Marion and Warren counties. While only Marion and 
Polk are now in the oile-half-million tons class, as compared with 
three counties which produc~d over a miilion tons ' each in 1918, yet 
I 
Production, Value, Mm Employed, Days Worked, and Output per 1l1an per Day at Coal Mines ill Iowa ill 1928.* 
' (Exclusive of product cif wagon mines producing tess than 1,000 tons) 
--~~ 
Net tons Value Number of employees 
Aver-'" ... ~Q) Sold to ~ age <J 
I .g local Used at Aver- number 
County 0 Loaded ~ at trade mines for Total age Under- of 
... p., mines for and used steam quantity Total per .ground Surface Total days 
0 shipment by em- and ton worked 
Z ployees heat 
---
---
Adams (4) and 
Page (2) .... : .. . . 6 . . . . . . . . . . 31,952 . ....... 31,952 $ 96,000 $ 3.00 .54 5 59 233 
Appanoose. · .... .. .. 59 394,772 69,629 885 . 465,286 1,310,000 . 2.82 1,313 109 1,422 159 
Boone . . . . . . . .. .. .. 5 323,633 70,860 3,383 397,876 1,460,000 3.67 868 47 915 171 
Dallas .... . ...... .. 6 272,394 8,469 1,178 282,041 810,000 2.87 593 47 640 139 
Davis (1), Jefferson 
(2),andKeokuk(1) 4 ..... .. . .. 4,760 10 4,770 17,000 3.56 21 3 24 102 
Greene(2) and Web-
ster (2) ... . ..... 4 ..... .... . . 9,239 240 9,479 33,000 3.48 24 4 ' 28 168 
Guthrie . . .... . ...... 7 . . . . . . . . . . 9,131 . . .. . . . . . 9,131 .' 36,000 3.94 36 4 40 '124 
Jasper .. .. .. , .. . .. -. 8 . 3,741 41,066 2,815 47,622 137,000 2.88 84 13 97 149 
Lucas . . . . . .. . .... . 4 ' 300,710 28,087 8,838 337,635 1,020,000 3.02 391 34 425 161 
Mahaska . . ........ 28 .......... 52,241 86 52,327 138,000 . 2.64 137 10 147 152 
Marion .. .. . . . . . . .. ' 19 776,173 54,695 17,426 848,294 2,017,000 2.38 919 56 975 213 
Monroe .. . ...... .. . 12 321,889 25,498 4,377 351,764 942,000 2.68 649 52 701 174 
Polk ..... . ...... . . 15 298,107 269,633 7,614 575,354 . 1,688,000 2.93 860 69 929 206 
Taylor ... : .. " , . ... 3 4,206 11,118 . , ... ... . 15,324 63,000 4.11 51 3 54 175 
Van Buren ....... . . 6 4,285 5,954 100 10,339 31,000 3.00 30 · 1 -31 154 
Wapello .... . , . ... . 21 3,281 58;163 . . . . . . . . 61,444 182,000 2.96 139 13 152 154 
Warren . ... .. , ./ . . .. 5 146,157 10,691 5,945 162,793 481,000 2.95 239 25 264 ' 176 
Wayne . ........... 4 .. ....... . 20,204 . . .. . .. . 20,204 64,000 3.17 57 5 62 161 
t 
---------
' Total for 1928. , . 215 2,849,348 781,390 52,897 3,683,635 10,525,000 2.86 6,465 50P . 6,965 175 
------
Totals for 1927 .. . 176 2,146,788 746,755 56,079 2,949,622 . 9,304,000 3.15 ·8,085 656 · 8,741 114 
Aver-
age 
tons 
perman 
per day 
2.32 
2;06 
2.54 
3:16 
1.94 
2.01 
1.84 
3.30 
4.93 
2.34 
4.08 
2.89 
3.00 
1.62 
2.17 
2.63 
3.50 
2.02 
---
. 3.02 
2.96 
• The figures relate only to active .mines· of commercial size tha t produ ced coal in 1928. The number of such mines in Iowa was 222 in 1928 ; 183 
in 1927; and 193 in 1926. . ' ' . '
Methods of mining in 1928: The tonnage by hand .was 379,742, 10.3 per cent ; shot off the solid, 2,030,875, 55.1 per cent; 'cut by m,achines, 1,199,538, 
32.6 per cent; not specifi ed, 73,480, 2 per cent. " , 
Size classes of commercial mines in 1928: There were 4 mines in Class. 1 B (200,000 to 500,000 tons) producing 1,182,582 tons or 32.1 per cent of 
the tonnage; 5 in Class 2 (100,000 to 200,000 tons) with 784',590 tons or 21.3 per cent; 6 in Class 3 (50,000 to 100,000 ton s) with 417,609 tons or 11.3 per cent; 
34 in Class 4 (10,000 to 50,000 tons) with 878,795 tons or 23.9 per cent; 173 in Class 5 (less than 10,000 ton s) producing 420,059 tons or 11.4 per cent. 
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the record of these counties indicates a gradual increase in output and 
use of Iowa coal. 
The ,output ' per day, 3.02' tons,was the highest of any recent year 
eXGept 1925, when it was the same as this year. The output per man 
per, year, 525 tons, also was the hig-hest except for 192'0, when it was 
653 tons. The· average tonnage per underground man in 1928 was 
3.26 per day or 570 per year. 
Iowa has been somewhat laggard in 'the use of" machinery in mining 
coal. In 1913 there ' were 28 coal cutting machines and in 1927 this 
number had risen to 93, but in 1928 Cimly 84w:ere in use. The per-
centage of coal cut by machines in 1928, which was 32.6, does not com-
pare very favorably with that so mined in other 'leading coal producing 
states, such for instance as ' 64 in AJabama, 56 in Colorado, 75 in Illi-
nois, 90 in Kentucky, 68 in Pennsylvania, 85 -in Virginia and ,West 
Vir.ginia. 
It may be of interest to hote, although it is not flattering to state 
pride, ~hat Iowa ranked next to the bottom in the percentage of coal 
produced the. value of which was actually reported to the Bureau of 
Mines in 1928. , The percentage was' 74.05 and the lowest ,state was 
Oklahoma with a percentage of 58.72. 
ANALYSES OF IOWA' COAL 
In 1928 the Iowa GeologiC"il Survey collected '36 one-gallon samples 
of coal from mines widely distrib~ted over the coal-producing dis-
tricts of this state. These s~l.mples were gathered by the mo.st ~pproved 
,methods and were' sent to the chemical laboratory of the State Univer-
sity of' IQwa. There they. were subjected to analysis and ' to various , 
tests. Some of the results of this work were published by the Survey 
in technical bulletins and the more important data are reproduced here 
in order to put them in. more permanent form. 
Table I , Names alld Location of Mines Sampled 
No. 
l.-Des Moines Ice & Fuel Co., Des Moines, Polk Co. 
2.-~ennett Bros. Coal Co., Mine No.2, Des MOInes, Polk Co~ 
3.-Economy Coal Co., Des Moines, Polk Co. 
4 . ....:..Des Moines Coal Co., Mine No.4, Des Moines, Polk Co. 
s.-Urbandale ,Coal Co., Des Moines, Polk Co. 
6.-Beck Coal & Mining Co., Des Moines, Polk Co. 
,7.-Shuler Coal Co., Wauk'ee, Dallas Co. 
8.-Gibson Coal 'Co.,' Rider, Polk Co. 
9.:-Great Western Coal Co., Orillia, Warren Co. 
10.-Indian Valley Gloss Coal Co., Hartford, Warren Co. 
11.-Norwood White Coal Co., No.8, Herrold, Polk Co. 
l2.-Norwood White Coal Co." No.7, Moran, Dallas Co. 
" 
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13.-Scandia Coal Co., No.4, Madrid, Boone Co. 
14.-'-Scandia Coal Co., No. 6. Madrid, Boone Co. 
15.-Dallas Products Co., Granger, Dallas Co. 
16.-Benson Coal Co., No.1:' Boone, Boone Co. 
17.-Boone Coal Co., No.1, Bpone, Boone Co. 
18.-0ld King Coal Co., Centerville, Appanoose Co. 
19.-Center Coal Co., Centerville, Appanoose Co. 
20.-Superior Coal Co., No. 19, Bucknell, Monroe Co. 
21.-Pershing Coal Co., No. 12, Pershing, Marion Co. 
22.-'-Numa Coal Co., Appanoose Co. ' 
23.-Appanoose Co. Coal Co., Centerville, Appanoose Co. 
24.-Armstrong Coal Co., Cincinnati, Al?panoose Co. 
25.:-Iowa Block Coal Co., Exline, Appanoose Co. 
26.-Violet Valley Coal Co., Seymour, Wayrte Co. 
27.-Central Iowa .Fuel Co., No.5, Williamson, Lucas Co. 
28.-Central Iowa Fuel Co;, No.4, Williamson, Lucas · ~o. 
29.-Red Rock Coal Co., Melcher, Marion Co. 
30.-Consolidated Indiana' Coal Co., No.2, Melcher, .Marion Co. 
31.-Liberty Coal Co., No.3, Mystic, Appanoose Co. 
32.-Pearson Coal Co., ' ~ o. 2, Clarinda, Page Co. 
33.-New Market Coal Co., New Market, Taylor Co. 
34.-John G. Henton Mine, R. F. D. No.1, Carbon, Adams Co. 
35.-Ruth Coal Co., Carbon, Adams Co. ' 
36.~Oskaloosa Coal &,'Mining Co., Oskaloosa, Mahaska Co. 
t .' . .' , 
In presenting 1:able II, which gives analytical data on the so-called "as 
received" b~sis, we wish first to call attention to the moisture content ' 
column. . As explained above, ' in collecting the sample the water in the 
coal is carefully .conserved so that it may be measured in the laboratory, 
but it should be clearly understood that in no wise does this figure repre-
sent the. moisture percentage of the coal delivered to the consum:er after 
having been in contact with drying air ' for days or weeks while in transit 
or storage. The actual moisture value 6f a coal at a giyen time is of 
course dependent upon the humidity of the air and upon the time of ex-
posure to it. It is difficult therefore. to estimate how much moisture these 
coals would contain under marketing conditions, but it is safe to say that 
. the percentages are vastly lower than those given for mine conditions. 
With lower total moisture valu~s the percentage contents of the other 
constituents, and also the thermal values, increase in proportiqn. 
Table II, ReS1tlts 0/ Analyses o/Iowa Coals' 
As ' RECEIVED 
No. Moisture Ash Volatile Fixed carbon Thermal val~es Sulfur 
(B. t. u.) 
1. 16.0 8.7 37.3 37.9 10,820 . 5.3 
2. 16.8 14.5 35.0 33:7-· .. ,,1:\ , 9,190 5.8 
3. 15.9 9.2 37.1 37.7 10,530 5.0 
4. 13.8 16.9 34.3 34.9 9,040 5.6 
5. 14.2 13.0 36.3 36.5 10,~20 5.2 
6. 16.? 15:5 33.0 34.7 . 9,660 3.8 
7. 14.2 12.7 34.7 38.3 10,450 3.9 
8. 13.7 6.5 39.5 40:3 11,450 3.7 
No. Moisture Ash 
9. 13.1 14.6 
10. , 14.Q 10.6 
11. 13.6 14.6 
12. 16.9 12.3 
13. 14.9 10.3 
14. 15.1 12.5 
15 . . 16.2 14:0 
16. 20.9 8.5 
17. 19.7 9.3 
18. 18.1 8.6 
19. 18.0 . 6.5 
20. ' 14.8 9.8 
21. 17.1 9.4 
22. - .. 17.6 11.0 
23. 15.3 12.2 
24. 13.4 10.3 
25,~ 14.9 9.7 
26. 16.7 8.3 
27. 15.8 14.0 
28. 19.5 12.8 
29. 18.5 10.4 
30. 18.6 9.2 
31- 15.6 11.0 
32. 18.4 13.7 , 
33. 20.2 13.3 
34. 21.1 , 9.9 
35. 20.6 12.3 
36. 18.1 10.0 
Mean 16.6 11.4 
UNI,T COAL 
Table Il ( Continued) 
Volatile Fixed carbon 
• 35.4 36.8 
39.1' 35.7 
36.8 35.0 
33.9 36.9 
36.9 37.8 
36.9 35.5 
34.5 35.3 
33.8 36.7 
36.3 ' 34.7 
33.9 39A 
35.7 39.7 ' 
35:0 40:4 
34.9 38:6 
36.7 ' 34.7 
34.6 37.9 
35.6 40.7 
36.3 39.1 
34.1 40.8 
' 33.6 .36.5 
32.7 34.6 
32.6 38.5 
31.9 40.2 
35.2 38.2 
35.3 32.6 
33.6 32.9 
32.9 36.1 
33.0 34.1 
33.5 ' 38.4 
35.0 37.0 
Thermal values 
(B. t. u.) 
10,210 
10,830 
10,,()50 . 
9,920 . 
10,450 
10,050 
9,690 
9!430 
9,740 
10,050 
10,430 
10,700 
10,490 
9,880, 
9,960 
10,490 
. 10,750 
10,350 
9,950 
9,460 
10,000 
10,030 
9,800 
9,440 . 
9,080 
9,280 
9,270 
10,610 
10,040 , 
511 
Sulfur 
6.3 
4.8 
5.2 
3.1 
3.5 
'4.1 
3.8 
4.0 
, 4.8 
3.7 
2.7 
2.1 
3.5 
4.5 
3.9 
4.9 
3.4 
, 3.9 
. 5.3 
2.0 
2.6 
2.6 
3.3 
.3.4 
5.5 
3.5 
3.1 
2.0 
Table IV; in which the results of the preceding table are calculated to 
the dry oasis, needs no comment except perhaps in explanation of the 
term "unit coal." This , in ' brid is a hypothetical material intended to 
represent the pure or actual coal substance calculated from analytiCal data 
after taking. into consideration corrections for moisture and ash. As 
developed by Parr the formula is ' 
22 
Unit coal=l.OO-(W+l.08 A+-S) 
, 40 
" where W, A and S are total water, ash as weighed and sulfur :respectively. , 
, This "unit coal" value which represents the decomposition r~sidue of 
a flora characte~istic of a given period and region should, if the history 
of the seam ' formation is normal, be fairly constant for that given ' seam. 
This has proved to be the case particularly where the . coal measures are 
of comparatively large area, as in Illinois. A tab';1lation of unit coal 
values of the three beds' represented, in , this study (see tabulation' by Lees 
in . table No. VII) snows rather wide variation and it is evident , 
that calculated heating values of a sample from the given bed, based on 
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.' 
average unit coal value for that bed, would ~ot be highly accurate. The , 
mean values of the figures in question are giyen in the following table : 
Table III, Average Unit Coal Valt,es of Iowa Coal Beds 
Lower Cherokee bed . ... ; . .... .. , .. .... .. . ~ .......... .. . . . . .. . .... 14,671 B. t. u. 
Mystic bed .. ... . '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14,345 B. t. u. 
Nodaway bed .. . ........ . ... . .... . . . ... . . . . . ....... . . . ..... . . ...... 14,365 B. t. u. 
Table IV, Rest,lts of Analyses of Iowa Coals 
DRY BASIS 
Thermal values Unit 
No. Ash Volatile Fixed carbon . ~ B. t. u.) Sulfur coal 
1. 10.4 44.5 45.4. 12,900 6.3 15,110 
2. 17.4 42.1 40.5 11,050 7.0 14,290 
3. 11.0 44.2 44.9 12,550 5.9. 14,730 
4. 19.6 39:8 40.6 10,500 6.5 13,950 
. 5. 15.2 42.3 ' 42.5 11,910 6.1 14,760 
6. 18.6 -39.7 41.7 11,600 4.6 14,970 
7. 14.8 40.5 44.7 12,200 4.6 14,950 
8. 7.5 45.8 46.7 13,260 4,3 14,830 
9. 16.8 40.8 42.4 11,750 ' 7.3 15,100 
10 . . 12.4 45.8 41.8 12,620 5.6 15;110' 
11. 16.9 42.6 40.5 11,630 '6.0 14,850 
12. 14.8 40.8 44.4 11,940 3.7 14,560 
13. 12.1 43.4 . 44.5 12,300 . 4.1 14,550 
14. 14.7 43.5 41.8 11,840 4.8 14,530 
15. 16.7 41.2 42.1 11,560 4.6' 14,550 
16. 10.8 42.8 46.4 11,950 5.1 1.3,990 
17. 11.6 45.2 43.2 12,130 6.0 ' 14,430 
18. 10.5 41.4 48.1 12,270 4,5 14,270 
19. 7.9 43,6 48.5 12,730 3:3 14,210 
20. 11.5 41.1 47.4 12,550 2.5 14,550 
21. 11.3 . 42.1 46.6 12,650 4.2 14,800 
22. 13.3 44.6 42,1 11,990 5.5 14,520 
23. 14.4 40.9 44.7 11,750 4.7 14,360 
24. 11.9 41.2 46.9 12,120. 5.6 14,430 
25. 11.5 42.6 45.9 12,630 4.0 14,790 
26. 9.9 40.7 49.4 12.420 4.7 14.330 
27. 16.6 .39.9 43.5 11,810 6.3 15,020 
28. 15.9 40.6 43.5 11,810 2.5 14,510 
29. 12.8 39.9 47.3 12,260 3.1 14,510 
30. 11.3 39.1 49.6 12,330 '3.2 14,330 
31. 13.0 41.7 45.3 11,620 4.0 13,870 
32. 16.7 43.2 40.1 11,560 4.2 14,500 
33. 16.7 42.0 41.3 11,380 7.0 14,570 
34, 12.5 41.6 45.9 11,760 4.5 14,000 
35 . . 15.5 41.6 42.9 11,680 3.9 14,390 
36. 12.2 40.9 46.9 12,960 2.4 15,140 
Mean 13.6 42.0 . 44.4 12,045 4.8 14,555 
Plate II gives a graphical analysis of all the pre~eding dat~ wherein 
thermal values are plotted as ordinates against ' the number of mines from 
which samples having these thermal values were obtained . . 
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It is interesting to compare the results of this and of Hixson's survey 
(in Vol. XIX) with those of a similar one from an adjoining state. From 
a list compiled by Parr from Bull. No. 29, lllinois State Geological Survey; 
which gives figures on 36 samples of coal from 29 different counties, we 
have calculated the lllinois data given in the table below. 
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Table V, Comparative Data on Iowa and Illi~lois Coals 
MEAN VALUES (DRY BASIS) 
Volatile matter Ash Sulfur Thermal value 
Iowa (36 samples) 
Iowa (16 samples) 
lIIi nois (36 samples) 
42.0 
40.1 
37.3 
13.6 
13.7 
11.0 
4.8 
4.9 
3.7 
12,045 B.t.u. 
12,552 B.t.u. (Hixson) 
12,n5 B.t.u. 
Total moisture contents on the wet basis were for the ' Iowa and Illinois 
coals 13.6, 15.1 and 12.4 respectively. It may be seen, tI1erefore, that 'so 
far as proximate analyses can be relied upon to distinguish them, the differ-
ence is much less than is often popularly supposed. . 
FUSION TEMPERATURES OF IOwA COAL"ASH 
Because of the important bearing ash fusion temperatures have on the 
formation of slag and clinker in the coal furnace a systematic study' was 
made of this phase of the problem. , 
The samples tested were from the coals described above. Quantities of 
the coal, 50 to 100 grams in weight, were ground to 60 mesh arid burned 
in a gas fired muffle furnace. The ash was ground in an agate mortar 
and again heated to 1600 degrees F. in ,a stream of oxygen to insure the 
highest oxidation of all the mineral eonsiituents. The finished material 
.vas then fashioned into small cones and heated in a special gas fired fur-
nace under reducing conditions ' up to the softening points of the ash. 
Temperatures were measured by means of an optical pyrometer of 
modern design. 
Table VI, Melting Points of Iowa Coal Ash Degrees Fahrenheit 
Numbers. .refer to samples as listed in Table I. Tests were made with a standard 
gas furnace under ' reduCing conditions and temperatures were measured with an 
F. and F. optical pyromet~r. " 
, Number Temperature Number Temperature 
1 .. .. . 1 ...... 2063 19 ............ 2023 
2. ' ........... 1981 20 . . .. , ....... 2168 
3 ............ 1940 21 . .. ........ 1937 
4 .... ........ 2035 22 .. .. .. .. .... 1930 
5 ... . .. .. . ... 1935 23 .......... . , 2000 
6 . ...... . .... 2063 24 . ...... , . . .. 1930 
h 7 . . . . . . . . . . .. 1947 25 .. , . . . ' . . . .. 1998 
. 8 ... ,........ 2033 26 .. , , .. .. . ... 1945 
9 ....... ' . .... 2025 27 ......... .' .. 1946 
10 .. ' .......... 2193 28 .. , . . ....... 2055 
11 ...... ...... 2177 29 .... ........ 2000 
12 .. , ... . .... . 2192 30 ..... ..... . . 1957 
13 ........ .... 1960 31 .... .. ...... 1148 
14 ............ 2353 32 ............ 2253 
15 ............ 2005 33 ..... . ...... 2237 
16 .. ... . , ..... 203734 ........ . ... 2238 
17 ......... : .. 1889 35 ............ 1985 
18 . . . . . . . . . . .. 1980 36 ............ 2040 
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A final word may be said concerning the comparison of the values ob-
tained in this work with those based on the analysis of the same, or simi-
lar coals made at other laboratories. . 
As we have alreaQY explained, all sampling for these studies was made 
by a member of the Geological Survey acting of course as an· unbiased 
referee. The method used is both the most fair and the 'most severe, 
inasmuch as it provides for the inclusion of impurities in their proper 
proportions and precludes the possibility of either premeditated or un-
conscious "handpicking", which is a major factor in vitiating results. It 
follows, therefore, that comparisons between our figures and others can 
be made fairly, only when all are reduced to a common standard of sam-
pling, analysis ' and calculation . . 
GEOGRAPHIC DISTRIBUTION OF SAMPLES 
In the following table the mines which were sampled are arranged geo-
graphically from north to south so that the analyses of coals from different 
districts and fr~m different beds can be .more readily · compared. The 
mines in the Mystic (or Centerville) bed are arranged ft;.om east to west; 
those in the Nodaway bed from north to south. Compare also Plate · I. 
The first . line following each mine number is the analysis "as received" ; 
the next line represents the analysis "bone dry". 
Table VII, Composition of IO~lIa Coals Tabulated by Beds 
Lower Cherokee Beds 
Fixed Unit 
No. Moisture Ash Volatile carbon . B. t. u. Sulfur coal 
16. 20.98 8.5 33.8 36.7 9,430 4.0 
10.8 42.8 46.4 11,950 5.1 13,990 
17. 19.72 9.3 36.3 34.7 9,740 4.8 
11.6 45.2 43.2 12,130 6.0 14,430 
13. 14.97 10.3 36.9 37.8 10,450 3.5 
12.1 43.4 44.5 12,300 4.1 14,550 
14. 15.11 12.5 36.9 35.5 10,050 4.1 
14.7 43.5 41.8 11,840 4.8 14,530 
12. 16.94 12.3 33.9 36.9 9,920 3.1 
14.8 40.8 44.4 11,940 3.7 14,560 
15. 16.24 14.0 34.5 35.3 9,690 3.8 
16.7 41.2 42.1 11,560 4.6 14,550 
11. 13.64 14.6 36.8 35.0 10,050 5.2 
16.9 42.6 40.5 11,630 6.0 14,850 
7. 14.25 12.7 34.7 38.3 10,450 3.9 
14.8 40.5 44.7 12,200 4.6 14,950 \ 
8. 13.74 6.5 39.5 40.3 11,450 3.7 
7.5 45.8 46.7 13,260 4.3 14,830 
5. 14.24 ' 13.0 36.3 36.5 ' 10,220 5.2 
15.2 42.3 42.5 11,910 6.1 14,760 
6. 16.78 15.5 33.0 34.7 9,660 3.8 
18.6 39.7 4L7 11,600 4.6 14,970 
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T(lble VII (Continued) 
Fixed Unit 
No. Moisture Ash Volatile carbon B. t. u. Sulfur coal 
9. 13.17 14.6 35.4 36.8 10,210 6.3 
16.8 40.8 ·42.4 11,750 7.3 15,100 
4. 13.89 16.9 34.3 . 34.9 9,040 5.6 
19.6 39.8 40.6 10,500 6.5 13,950 
2. 16.82 14.5 35.0' 33.7 9.190 5.8 
17.4 42.1 40.5 11.050 7.0 14.290 
3. 15.99 9.2 37.1 37.7 10,530 5.0 
11.0 '44.2 44.9 12.550 5'.9 14,730 
,l. 16.05 8.7 37.3 37.9 10,820 5.3 
10.4 44.5 45.4 12,900 6.3 15,110 
10: 14.6 10.6 39.1 35.7 10,830 4.8 
12.4 45.8 41.8 12,620 5.6 15,110 
30. 18.65 9.2 31.9 40.2 , 10,030 2.6 
11.3 .39.1 49.6 12,330 3.2 14,330 
29. 18.52 10.4 32.6 38.5 10,000 2.6 
12.8 39.9 47.3 12,260 3.1 14,510 
28. 19.89 12.8 32.7 34.6 9,460 2.0 
. 15.9 ' 40.6 43.5 11,810 2.5 14,510 
27. 15.88 14.0 33.6 36.5 9,950 5.3 
16.6 39.9 43.5 11,810 6.3 15,020 
21. 17.12 9.4 34.9 38.6 10,490 3.5 
11.3 42.1 46.6 12,650 4.2 14,800 
20. 14.80 9.8 35.0 40.4 10,700 2.1 
11.5 41.1 47.4 12,550 2.5 14,550 
36. 18.1 10.0 33.5 38.4 10,610 2.0 
12.2 40.9 46.9 12,960 2.4 15,140 
Mystic ' Bed 
19. 18.09 6.5 35.7 39.7 10,430 2.7 
7.9 43.6 48.5 12,730 3.3 14,210 
25. 14.94 9.7 36.3 39.1 10,750 3.4 
11.5 42.6 45.9 12,630 ' 4.0 14,790 . 
24. 13.42 10.3 35.6 40.7 10,490 4.9 
11.9 41.2 46.9 12,120 5.6 14,430 
22. 17.62 11.0 36.7 · 34.7 9,880 4:5 
13.3 44.6 42.1 11,990 5.5 14,520 
18. 18.14 8.6 33.9 39.4 10,050 3.7 
10.5 41.4 48.1 12,270 4.5 14,270 
23. 15.32 12.2 34.6 37.9 9,960 3.9 
14.4 40.9 44.7 11,750 4.7 14,360 
31. 15.61 11.0 35.2 ' 38.2 9,800 3.3 
13.0 41.7 45.3 , 11,620 4.0 13,870 
26. 16.76 8.3 34.1 40.8 ' 10,350 3.9 
9.9 40.7 49.4 '12,420 4.7 14,330 
Nodaway Bed 
34. 21.1 9.9 32.9 ., 36.1 9,280 3.5 
12.5 41.6 45.9 11,760 4.5 14,000 
35. 20.6 12.3 33.0 34.1 9,270 3.1 
15.5 41.6 42.9 11,680 3.9 14,390 
33. 20.2 13.3 33.6 32.9 9,080 5.5 
16.7 42.0 41.3 ' 11,380 7.0 14,570 
32. 18.4 13.7 35.3 32.6 9,440 3.4 
16.7 43.2 40.1 11,560 4.2 14,500 
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In the United States as a whole coal production was on a lower 
level than in 1927. It amounted to 500;744,970 tons of bituminous 
coal, a decrease of 3.3 per cent from the year bef?re. The number of 
active commerCial mines and the number of men employed also de-
creased notably. In 1928 the operating mines totaled 6,450, a loss of 
561 from the previous year, and the labor force was reduced 71,768, 
the total in 1928 being 522,150 men. The number of days worked per 
manin 1928 was 203, an improvement of 12 over 192!, and the daily 
output per man was 4.73 tons, a gain over 1927 of 0.18 ton and an 
increase of 1.12 tons since 1913. 
The following tables give som<: saliertt statistics regarding bitumi-
hOus coal production in the leading states: 
Av. Tons per 
State Rank Tons Value Val. Men man daily 
West Virginia . . ... 1 132,952,159 $ 211,480,000 $1.59 111,733 5.35 
Pennsylvania .. ... . 2 131,202,163 249,895,000 1.90 133,414 4.52 
Kentucky .. . ...... 3 61,860,379 96,722,200 1.56 62,195 4.69 
Illinois ..... .... . . . 4 55,948,199 112,095,000 2.00 64,266 5.57 
Alabama ...... . .. . 5 17,621,362 39,601,000 2.25 25,708 3.09 
Indiana ... ........ 6 16,378,580 29,212,000 1.78 16,806 6.51 
Ohio . . ............ 7 15,641,225 26,439,000 1.69 21,371 4.28 
Virgi~ia .. .. . ...... 8 11,900,933 20,375,000 1.71 12,312 4.28 
Colorado ........ , . 9 . 9,847,707 27,613,000 2.80 12,366 4.13 
Wyoming ......... 10 6,571,683 17,363,000 2.64 4,843 6.34 
Tennessee ....... . . 11 5,610,959 9,694,000 1.73 7,849 3.16 
Ut.ah .... . ..... . . . . 12 4,842,544 12,253,000 2.53 3,352 7.57 
MISsouri. ... . . . ... 13 3,732,421 9,637,000 2.58 5,964 3.47 
Iowa .... . .. .. .. .. 14 3,683,635 10,525,000 2.86 6,965 3.02 
Total of U. S . . . 500,744,970 933,774,000 1.86 522,150 4.73 
Coal is produced in 33 states, including Alaska, and it may be of in-
terest to notice the production in the different geologic provinces into 
which these states are grouped. Figures are for 1928 . . 
Province Tons 
Northern and Middle Appalachians (Pa., Ohio, Md., W. Va., eastern Ky., 
Va., Tenn.) . . .. . .. . . ........ , . ...... .. .. . . . ....... : ....... .. .. .. ... 345,577,581 
Southern Appalachians (Ala.) . ... .... ... . .. .... . ... . .. . ........ . ..... 17,621,362 
Northern Interior (Mich.) . . . , .. ......... .. .... . . .... . . ...... . .. . .... 617,342 
Eastern Interior (III., Ind., western Ky.) . . . . ... . .... . . . .... ... .. .... . . 88,603,995 
Northern Western Interior (Iowa, Mo., Kan.) ... .. ... .... ............. 10,225,780 
Middle Western Interior (Ark., Okla.) ... . . ..... . . .. .... . .. . . . ........ 5,162,298 
Southwestern Interior (Tex., bituminous) . . ...... ... .. . .... . .. . .. . .. . . IP,849 
Gulf Coast (Tex., lignite) . .... . ... . ..... .. . . .... . . .. ... . .. . .... . . . ... 1;064,185 
Northern Great Plains (N. Dak., lignite) ....... . .. .. . .. .. ............. . 1,649,930 
Rocky Mountains (Mont." Wyo., ,coro., Utah, N. Mex.) ........ ... ..... 27,297,980 
Pacific coast (Wash.) ......... . . .... . .. . : . . .. .. ... . .. . ... ... . . . .. . ... 2,519,901 
Total for United States .. .. .... .... . .. . ... .. ... . ....... . ... . . 500,744,970 
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GYPSUM 
For a good many years the gypsum industry made consistent gains 
each year. But the current business-and mental-depression has 
naturally affected this industry and therefore the production both in 
Iowa and in the nation was less in 1928 than in either 1926 or 1927. 
Combined with the reductions in amounts was a price cutting war that 
resulted in a reductiori in total value of sales. ' 
It is worth while to take note of the variety of uses to which gyp-
sum .is being put-insulation ; tile of various kinds, s.uch as partition, 
to which it is very well adapted, roofing and special purposes; wall 
board and plaster board, which are being used in enormous amounts; 
and the various kinds of plasters. This great variety of uses is one of 
the factors that helps the industry keep active in periods of slow move-
ment such as the present . . 
There were 10 Iowa seven active producers of gypsum and its 
Gypsum Production in 1927 and 1928 
Iowa · 
1927 1:928 
I tons value t07tS value 
Crude gypsum mined . .. . .. 792,159 764,044 
Sold crude--cement mills .. 138,375 $ 384,024 153,225 $ 239,227 
agricultural. ... . . . . . . .. 1,262 7,677 1,371 8,036 
Total sold ' crude' . .. . . . . . .. 139,637 391,701 154,596 247,263 
Sold calcined---i!tucco . ..... 18,743 115,267 
neat and sanded plaster . 379,702 2,711,701 
fibered plaster . . .. . .... . 253,114 1,197,374 
sanded plaster ...... . . .. 56,162 373,477 
neat plaster . . . . . . . .. ... 45,235 304,805 
plaster of paris(a) .. . .... 6,624 . 51,317 16,212. 110,377 
plaster and wall board .. '. 104,851 2,603,155 120,~57(c) 2,471,806 
partition tile . . . ... . ... . 55,516 487,844 59,008 390,373 
insulating, & c. (b) ... ... 18,869 352,512 15,152 
Total sold calcined ... ... .. 584,305 6,321,796 565,140 
Total sold .. . .. . . ..... .. 723,942 6,713,497 719,736 
United States 
Plants active ... . ... . .. . .. 60 58 
Total mined .... .. . .. . .... 5,346,888 5,102,250 
Sold crude .. . ... .. .. . .. . . 965,371 $ 2,388,663 999,412 
Sold calcined .. ... .. . . . .. . 3,912,211 39,785,791 3,641,385 
Total sales . . .......... . .. 4,877;582 42,174,454 4,640,797 
(a) Includes : Sold to plate glass works, Keene's cement. 
(b) Includes : Roofing .tile, special tile, other building material. 
(c) Equals 132,342,827 square feet, or 3,038 acres, 4.75 square miles. 
259,739 
5,107,951 
5,355,214 
$ 1,902,034 
30,134,129 
32,036,163 
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products in 1928 .. One of these, the Hawkeye Gypsum Products Com-
pany of Fort Dodge, produces only crude gypsum. The six plants 
that calcine gypsum have 28 kettles with a daily capacity of 4,204 tons. 
The 51 plants in the United States have 182 kettles with a daily 
capacity of 22,350 tons and 15 rotary kilns with a capacity of 4,020 
tons. This gives a total daily possible output of 26,370 tons. · 
LIMESTONE AND LIME 
The stone industry in Iowa experienced a healthy growth in 1928, 
chiefly because of increase in the use of crushed rock for concrete and 
road metal and for agricultural purposes. This latter use is growing as 
farm lands are becoming impoverished and farmers ' are learning the 
advantages of liming their soils. The state's road building program 
likewise is helping the stone industry and doubtless will do so for many 
years to come now th~t everyone is learning- to appreciate the benefits 
of better roads. 
The following table shows the changes in output from the previous 
year. There are only two lime burning firms in the state, the Dubuque 
Stone Products Co., and the Hurst ~state, so the data regarding their 
product must be combined with those of other materials. Limestone 
was produced in forty-five states in 1928 and , Iowa ranked fifteenth 
among these. 
Production '0/ Stone and Lime, 1927 and 1928 
1927 . 1928 
K ind tons valtle tons vahle 
Building ____ ___ ___________ } 3,160 $ 4,869 8,750 $ 13,000 Rubble ___________________ 3,800 3,985 
Riprap 
-------------------
124,400 123,321 106,790 87,586 
Concrete and road metal ___ 866,590 839,463 1,199,230 1,306,984 
Ballast 
-------------------
105,140 93,773 112,040 109,160 Flux ______ ~ _______________ 9,550 12,146 6,840 9,767 
Sugar fact., lime, etc. ' ______ 5,536 38,392 10,417 28,736 
Agriculture 
---------------
163,680 156,069 207,660 180,770 
1 
1,278,0561 $ 1,267,033 1 1,666,270! $ 1,742,252 
S~one .in U. S. _____________ 99,662,270 . 112,439,824 96,864,650 110,231,974 
Lime In U. S . .. ____________ 4,414,932 38,638,413 4,458,412 36,449,635 
SAND AND GRAVEL 
The production of sand. increased in 1928 by 337,416 tons over that 
in 1927 and the value was $228,154 greater, a very gratifying in-
crease. Production of building simd was 51,939 tons less, but the 
• 
• 
• 
P" odl£Ctioll 0/ Limestone and Lime i1l I owa ill 1928 
- - ---- ----
---~--
en 
... 
2l Building Stone, Concrete, road metal ::s Other uses (c) Total '"CI rubble, riprap(il) (b) Counties 0 
... -p.. 
0 
Z tons value tons value tons value tons value 
- . 
Appanoose(l), Decatur(l), Van 
. Buren(l) : .. .. .. . . . . .......... 3 (d) 10,800 $ 16,670 5,680 $ 8,345 16,480 $ 25,015 
Black Hawk(2), Fayette(l) ...... . 3 ... . .... . . . . . . . . 195,422 
Cerro Gordo(l), Mitchell(l) Winne-
194,937 (d) · . . . . . . . . 195,422 194,937 
shiek(2) ..... . .... , ........... 4 .... . .. . . ....... e . ...... . .. 43,715 61,229 43,715 61,229 
Clayton .... . ....... . ........... 3 (d) ..... .. . 77,014 65,479 . ....... . · . . . . . . . . 77,014 65,479 
CIinton(l),Jackson(l), Scott(2) . .. 4 (d) . . . . . . . . 249,690 219,245 73,810 62,212 323,500 281,457 
Dubuque· . .... . .... . .. ....... ... 4 (d) .... . ... 258,484 321,836 (d) . .. .. . .. . 258,484 321,836 
Hardin (1), Marshall (2), Poca-
hontas (1) ~ ....... .. .. .. ....... 4 (d) . . .... .. 270,731 261,010 180,617 180,609 451,348 441,619 
Johnson(l), Linn(2), Louisa(l) .. . . 4 ........ ........ 183,900 229,190 (d) . ...... . . 183,900 229,190 
Jones .... .. .......... .. . . .... ... 3 14,474 $16,047 23,597 23,698 12,280 10,746 50,351 50,491 
L~ .... . . . . . .... . ... .. ... . . .... 3 (d) . .. . .... 67,507 90,655 (d) · . . . . . . . . . 67,507 90,655 
Total for 1928 . ..... .. ......... 35 119,340 104,571 1,199,230 1,30fi,984 336,957 328,433 1,667,721 1,761,908 
Total for 1927 ...... . ... ..... . . 30 127,560 128,190 866,590 839,463 283,906 299,380 1,278,056 1,267,033 
-- ----- - -- --------- - ---- -
(a) Includes : Rough building stone, 3 operators, 8,750 tons or 110,000 cu. ft., value $13,000; rubble, 5 operators, 3,800 tons, value $3,985; riprajl, 11 
operators, 106,790 tons, va lue $87,586. 
(b) Total crushed stone sold was 1,311,270 tons, value $1,416,144. 
(c) Includes: Railroad ballast a nd /lux, 4 producers, 118,880 tons, valu e $118,927; agric"ultural stone, 18 producers, 207,660 tons, value $180,770. 
sugar factories , I ime, other uses. · 5 producers, 10.417 tons. va lue · $23.736. 
(d) Included with Concrete. 
(e) Included wi th Other Uses. 
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output of paving sand was 285,403 ton!,) greater, a fact that sufficed 
to bring the totals well above those for the preceding year. 
In the case of gravel the story was somewhat different. The output 
in 1928 was 894,940 tons less than during the preceding year, but 
owing to higher prices the value received was $27,625 greater in 1928 
than in 1927. Because of the combination of these circumstances the 
total output of sand and gravel in 1928 was 557,524 tons less while 
its value was $255,779 more than that of the year before. 
, Among the counties Polk was, the leader in sand production with 
Cerro Gordo a close second and Muscatine third. In values, however, 
Muscatine was the leader, with Cerro Gordo second, Linn third, Wap-
ello fourth and Polk fifth . In gravel production Cerro Gordo was 
easily the leader, with Muscatine second, Polk third and Sac a close 
fourth. In values Muscatine was slightly ahead of Cerro Gordo, Polk 
was third and Sac was fourth. In combined output Cerro Gordo was 
leader, Muscatine second best, Polk third and· Butler fourth. The 
values differed here as in the separate classes. Muscatine led, Cerro 
Gordo was slightly behind, Polk was third and Butler ranked fourth. 
Cerro Gordo's material was used chiefly for paving, Muscatin~'s was 
used mostly for paving, although a good deal was used in buildings. 
Summary 0/ Satld and Gravel Production, 1927 and 1928 
1927 1928 
Materials No. 
value No. value pits tons pits tons 
Sand 
Molding . .. : . .. . . . .. . . . . 3 14,522 $ 11,231 5 64,929 $ 43,667 
Building . : .. .. .. . .. . . ... 45 583,339 268,056 38 531,400 280,843 
Paving . .. . . .. . .. . ... . . .. 29 802,974 292,504 38 1,088,377 450,712 
Grinding, polishing . . . .. .. (a) 3 14,087 31,789 
Engine ... . . . . .. . .. . .... . 9 34,171 18,102 10 35,608 17,163 
Filter . ........ . .... . ... . 4 13,378 17,714 1 (a) 
R. R. ballast . . . . . . . . . . . . . 6 30,226 11,292 3 10,660 3,060 
Other . ......... . . ... .. . . 6: 17,772 25,551 3 88,737 45,370 
Total sand. , ... . . ... . . 56 1,496,382 644,450 60 1,833,798 872,604 
Gravel 
Building . . . . .. .. . .. . . .. . 36 362,512 338,950 38 341,533 333,079 
Paving .. . .... . . . . .. ... . . 36 1,793,420 725,986 43 1,013,941 790;344 
R. R. ballast . .. . ... . . ... 13 324,916 129,220 12 228,529 83,703 
Other . . .. ....... .. . . .. .. 3 3,913 570 5 . 5,818 15,225 
Total gravel. . . . .... . . . 55 2,484,761 1,194,726 64 1,589,821 1,222,351 
. Total output .. . . . . . . . . 71 3,981,143 1.839,176 80 3,423,619 2,094,955 
(a) Included in Other Sand. 
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Polk's output was more evenly divided, . with paving material pre-
ponderating, and Butler's output was nearly all paving and roadmaking 
sand and gravel. 
The output during 1927 and 1928 is shown by products in the sum-
mary which . follows and the production is given by counties, so far 
as it can be shown, in the more extended tables. 
Production of sand in the United States was 9~,588,339 tons, valued 
at $54,291,398 in 1927, and 97,737,717 tons, valued at $56,132,406 
in 1928. Gravel output in 1927 was 103,865,930 tons, valued at $61,-
238,388, and in 1928 it was 111,381,151 tons, valued at $63,075,531. 
These figures made a total tonnage of 197,454,269 in 1927 and· 209,-
118,868 in 1928, with values of $115,529,786 in the former year and 
$119,207,937 in the latter year. 
Production of Sand and Gravel ill 1928-Sa1~d 
~ 
Q) 
<.> Structural sand Paving sand Other sand a Counties ::l "l::l 
0 
.... 
vaiue c.. tons tons value tons value 
Allamakee (1), Clayton (2), Fay- ., 
ette (1) ..... .. ... . ...... .. . . .. 4 ... .. . .. .... . . . . 104,193 $ 65,022 (b) . ........ 
Appanoose (1), Louisa (0), Ma-
haska (1), Wapello (1) . . . ... . .. 3 87,399 $ 53,175 143,154 69,523 (b) ... . .. . .. 
Black Hawk (2), Bremer (1), 
Tama (1) .. .. .... .. ... .... . . . . 4 56,064 37,895 (d) . .. . . .. .. . 55,772 $ 31,762 
Boone (2), Dallas (0), Marshall (1), 
. Story (0) .... . ... .... . .... . . . . 3 18,307 10,291 ........ . . ..... .. .. . (c) .. ... .. .. 
Buena Vista (0), Cherokee (1), Ply-
mouth(1), Webster(1) , Wright(O) 3 (b) .. ... .. \ 55,636 . 18,500 .. . ... . . . . ....... . 
Butler (3), Floyd (1), Franklin (1), 
Mitchell (1) . . .. .... .. . .. ... . . . 6 9,985 4,970 100,551 38,453 (b) .... . . . .. 
Cerro Gordo . .. : ....... . .... .. .. 3 (b) . . .. . .. . 207,272 93,658 7,858 3,021 
Clinton (2), Jackson (1) .... .. . .. '. 3 11,914 8,484 29,237 . 16,156 ... . . . .. . . ... .. ... 
Des Moines (1), Lee (2) . . .. . . .... 3 (b) . . . ..... . 27,382 16,182 (b) ... . ..... 
Dickinson(O), Lyon(1), Osceola(O). 1 (f) 
. . '27',025 .. .... . .. . .......... ...... . . . . . ....... Dubuque (2), Scott (2) .... .. . . . . . 4 36,000 . 64,394 17,896 . . .. . . .. . ... . . .. .. 
Emmet (2), Humboldt (1) Palo 
Alto (1) .. . . ..... . ... . ........ 4 29,287 11,771 41,318 18,892 . . ...... . . ... . ... . 
Johnson (1), Linn (2) .... . . .... . . 3 25,050 13,942 153,361 87,403 (b) ....... .. 
Muscatine .......... .. ... . ... . .. 5 . 45,297 22,093 115,694 31,567 33,432 52,278 
Polk .... ... ..... . . . ...... . ... . . 6 86,514 29,357 130,321 38,062 (b) . . ..... .. 
Sac . . .. . .... . .. ... . .. . . . ......... 2 (e) . .... ... (e) . . ... .. . . . . . . . . . . . 
Sioux . .... ....... ... . . .... ' ... .. . 3 (d) . .... ... (d) . . .... . .... .89,635 35,025 
Total . . . .. ... .. ... . ..... . .... 60 531,400 -280,843 1,088,377 450;712 214,021 141,049 
Totals for 1927. _ ... _ . _ .. : .... . 56 583,339 268,056 802,974 292,504 100,069 83,890 
(a) Includes: Molding, cutting and grinding and bla st, engine, filter, r a ilroad ballast, and other sands. 
(b) Included with paving sand. . 
(c) Included with structural sand. 
(d) Included with other sand. 
(e) Included with structural gravel. 
(f) Included with paving gravel. 
(g) Included with total sand and gravel. 
Total sand 
tons value 
104,193 $ 65,022 
230,553 122,698 
111,836 69,657 
18,307 10,291 
55,636 18,500 
110,536 43,423 
215,130 96,679 
41,151 24,640 
27,382 16,182 
(g) 
100,394 44,921 
70,605 30,663 
178,411 101,345 
194,423 105,938 
216,835 67,419 
(g) . . . .. . .... 
89,635 35,025 
1,833,798 872,604 
1,496,382 644,450 
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Production o/-Sa1l(l and Gravel it, 1928- Gravel 
------ --
f 
2l Structural gravel Counties .g 
0 
.. tQns value p.. 
Allamakee (1), Clayton (1), 
Fayette (1) .......... .. .. ... .. 3 ... . .. , . .. ..... . 
Appanoose (0), Louisa (1), Ma-
haska (1), Wapello (1) , ........ 
Black Hawk (2), Bremer (0) , 
Tama (1) .. .. .. .. . . . . . .. .. .. · , 
Boone (2») pallas (1), Marshall (0), 
Story (t) . . . . .. : . .... . ...... . . 
Buena Vista (1), Cherokee (1), 
Plymouth (1), Webster (1), 
Wright (1) .. .. .. ... " . . . ...... 
Butler (2), Floyd (0), Franklin (0), 
Mitchell (2) ..... ... ...... . .... 
Cerro Gordo , .. . .... .. . . . . . . .... 
Clinton (3), Jackson (1) . . . .... . .. 
Crawford (2), Harrison (1) . . ..... , 
Des Moines (1), Lee g) ... ........ 
Dickinson(l), Lyon ( , Osceola (1) 
Dubuque (2), Scott (2) ... .. ...... 
Emmet (2), Humboldt (1) Palo 
Alto (2) ......... . .. . ..... . . . . 
Johnson (1), Linn · (0) ... .. .... .. . 
Muscatine . .. .. . .. . . .. ... : ...... 
Polk . . .. . . ......... .. ... .. .. .. . . 
Sac ..... ... ... . ............... . 
Sioux .. , .......... . . . . . .. . ...... 
Undistributed, . . .......... . . . ... 
Total .... . .. .. " . . , ... . . ... . , 
Totals for 1927 . , . , ... . , . , . .. . . 
(c) Included with structural sand. 
(e) Included with structural gravel. 
( f ) Included with paving gravel. 
3 
3 
4 
5 
4 
3 
4 
3 
3 
4 
4 
5 
1 
5 
5 
3 
3 
64 
55 
(f) .... ... . 
11,082 $ 14,936 
155,320 63,107 
6,861 4,098 
(f) ........ 
(f) . ...... , . 
35,603 29,475 
(f) . .. , .. . . 
(f) . ... . . . . 
(f) ... ..... 
21,220 8,920 
7,104 5,857 
(c) . ....... 
51,471 50,270 
52,662 59,434 
102,823 54,923 
(f) . . ...... 
. . . . . . . . . . . . . . . . 
341,533 333,079 
362,512 338,950 
. Paving 
and other gravel (h) 
tons value 
27,850 $ 20,275 
62,159 91,528 
56,99~ 62,896 
(e) ... .. .. . . . 
84,784 64,485 
128,344 107,732 
240,829 210,280 
79,500 , 54,591 
40,420 12,815 
12,800 14,675 
34,640 10,788 
23,185 15,648 
45,096 19,358 
. . . . . . . . . . . . . . . . . . . . 
165,781 160,225 
110,100 62,825 
56,343 13,451 
47,600 39,950 
. . . . . . .. .. . . . . . .... . 
'1,248,288 889,272 
2,122,249 855,776 
(h) Includes : Paving and roadmak ing, railroad ballast, other gravels. 
(i) IncIu(led in undi stributed. 
Total sand 
and gravel 
tons value 
132,043 $ 75,297 
292,711 213,226 
179,914 147,489 
173,647 112,098 
147,281 87,083 
238,880 151,155 
453,959 306,959 
156,254 108,706 
40,420 12,815 
40,182 30,857 
34,640 1u,788 
144,799 69,493 
122,805 55,878 
178,411 101,345 
411,675 316,433 
379,597 189,688 
159,16~ 68,374 
137,235 74,975 
.. . ..... . ........ . 
3,423,619 2,094,955 
3,981,143 1,839,176 
Total quantity washed 
. 
tons value 
120,583 $ 68,397 
290,400 211,499 
178,101 145,301 
(i) ............ 
124,791 80,680 
208,281 148,149 
397,900 295,250 
130,854 84,968 
.... . ... . ... . . . . . . . . . . . . 
(i) . .. . . ........ 
(i) . . . ...... . .. 
108,800 54,525 
67,197 30,277 
178,411 101,345 
411,675 316,433 
379,083 189,358 
(i) 
(i) . .. . .... . .. . 
251,517 147,258 
2,847,553 1,873,539 
2,419,280 1,340,037 
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The mineral industry showed slight gains in 1929, the improvements 
being in making of clay wares, in coal production and in the recovery 
of sand and gravel. Shipments of cement decreased somewhat and the 
value received was $953,679 less than during 1928. The gypsum in-
dus~ry also was unable to equal -the level of production reached in 1928., 
even though that was lower than that of 1927. The production of stone 
and lime also was somewhat lower than in 1928. ' However. these 
items b;l.lanced ,each other sufficiently to make a slight increase in the 
total value of the output. The coal operators of the s.tate are making 
a determined effort to win back the-prestige and the markets lost to 
them during the strike of 1927 and the, upward trend in the figures 
attests at least moderate success. Clay pro'ducts also inc~eased notably. 
VaJue 0.£ mineral products the cou~try over was 8 per cent greater 
than i~ '1928. The following figures summari~e production during 
these two years. 
1928 
Metallic .. . .......... . ... . . .. . . .. .. ....... ; ...... . $1,284,580,000 
Nonmetalli'c 'except fuels . ............. . ..... . . .. : .. ' 1,206,158,000 
Mineral fuels .... . ...... . . .. ..... .. . . . . ...... .'... 2,884,962,000 
Others . .. . . .... . ............ . .......... .. ......... 9,200,000 
Total . .......... . .. .. . .. ......... . . .. . ... .. $5,384,900,000 
1929 
$1,475,900,000 
1,141,000,000 
3,202,000,000 
11,100,000 
$5,830,000,000 
, ' 
* Statistics are col1ected by the U. S. Bureau of Mines, co-operating with the Iowa Geological 
Survey, except in the case of clay wares, which are gathered by the Bureau of the Census. 
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Mitle.ral Prodltctioll itl Iowa in 1928 and 1929 
1928 1929 
Product Unit 
Pro-
quantity value 
Pro-
quantity value ducers ducers 
Cement ... . ... . bbl 6 6,880,731 $10,734,838 6 6,586,111 $9,781,159 
Clay Wares ..... . 55 5,048,774 42 5,791,175 
Coal ...... .. .. . ' ton 222 3,683,635 10,525,000 201 4,241,069 11,948,000 
Gypsum . ... . ... ton 7 719,736 5,355,214 8 670,203 4,668,856 
Limestone and 
lime .. : ... .. .. ton 35 1,666,270 1,742,252 41 1,625,000 1,560,066 
Sand 'and gravel . ton 80 3,423,619 2,094,955 80 4,043,609 2,211,752 
$35,501,033 $35,961,008 
CEMENT 
Production of Cement in Iowa in 1928 and 1929 
1928 1929 
Production, bbls. ________ __________________________ _ 
Stock, Dec. 31, bbls. ______________________ . _________ _ 
Shipments, bbls. __________________________________ _ 
Shipments, value __________________________________ _ 
Average price ·per bbl. ______________________________ 1 
Est. consumption, bbls. _____________________________ _ 
Est." consumption per ·cap., bbls . .,. ____________________ _ 
Surplus production, bbls. ___________________________ _ 
Annual capacity, bbls. _______________________________ . 
7,070,172 
1,559,925 
6,880,731 
$10,734,838 
$1.56 
5,348,807 
2.20 
1,531,924 
9,593,000 ' 
6,373,330 
1,347,144 
6,586,111 
$9,781,159 
$1.49 
5,462,534 
2.25 
1,123,577 
9,592,900 
. The tabl.e given above shows that the cement industry experienced a 
slight decline during 1929 in practically all phases. Production was 
much less .than in 1928, shipments were also less, and owing to lower 
factory prices the amount received was nearly a million dollars less in 
1929. This', in face of the road building in progress, seems to indicate 
that other construction was slowing down, with . resulting smaller de-
mand for cement. That these conditions were prevalent the country 
over is suggested by the following data: 
Production of Ceme1lt in the Ullited States 
1928 
Production, bbls. . . . . . . . .. . .. . .. .. .. .. .. .. . .. .. .. .. . 176,298,846 
Shipments, bbls. . .. ........ . ..... .... ... ... .. .... . .. . 175,838,332 
Shipments, value .... . . , ........ . .. . ....... . ......... $275,972,945 
Stocks, Dec. 31, bbls ...... . ... . .. .. . : .. . . . . .. . ...... . . 22,760,103 
Plants active . . . ......................... . ............ 156 
1929 
170,646,036 
169,868,322 
$252,153,789 
23,537,817 
163 
In the district including eastern Missouri, Iowa, Minnesota and 
South Dakota, in which 12 plants were active each year, shipments 
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amounted to 16,544,026 barrels, valued at $25,777,858, in 1928, and 
to 15,984,176 barrels, with a value of $23,430,891, in 1929. 
The Pennsylvania-Dixie Cement Corporation bought the plant of the 
Pyramid Cement Company at Valley Junction April 1, 1928, and 
changed the name of the plant to its own a year later. The companies 
now operating in Iowa are the following: 
Davenport, Dewey Portland Cement Co., Kansas City, Mo. 
Brand--:-Dewey. 
Des Moines, Hawkeye Portland Cement Co., Des Moines. 
Brand-Hawkeye. . 
Gilmore City, Northwestern States Portland Cement Co., Mason City. 
Brand-N orthwestern. 
Mason City, Lehigh Portland Cement Co., Allenton, Pa. 
Brand-Lehigh. 
Northwestern States Portland Cement Co., Mason City. 
Brand-Northwestern. 
Valley Junction, Pennsylvania-Dixie Cement Corporation, Des Moines. 
Brand-Pyramid. 
CLAY PRODUCTS 
The Bureau of the Census has decided that it can not furnish the 
State Geological Surveys with ariy detailed statistics regardingproduc-
tion of clay wares in th~ir states, or even any lists of producers. There-
fore the only information that is so far available regarding production 
in 1929 is that given in the following brief summary, which 'as usual ' 
was supplied by the Bureau of the Census. . 
N umber of establishments ......................... 42 
Number of wage earners, average. . . . . . . . . . . . . . . . . . . . 1,670 
Wages .......... ' ........ .. .. .. ........... . ...... $1,903,722 
Cost of materials, fuel and purchased electric current ..... $1,516,737 
Value of products ... ' .' ............................ $5,791,175 
As compared with a production in 1928 valued at $5,048,774 this 
summary shows a substantial gain in value of output. Nothing is 
known, however, as to the distribution of this increase .among thedif-
ferent classes of ware. The Bureau of Mines reported 3,200 tons of 
raw clay sold at' a value of $23,281. How much of this duplicates the 
figure given for the total output is not known. 
Production of clay wares in the United States during the past two 
years was as follows: 
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Products 
Common brick _____ _______ _____________ ____ ___ __ _ 
Vitrified brick ____ ______________ ________________ _ 
Face brick ______ ~ _______________________________ _ 
Other brick ___ ~ _________________________________ _ 
Terra cotta ______________________________ ______ . __ 
Hollow ware ___________________________________ _ 
Flue lining ___ _________________ _______ ___ __ _____ _ Tile ___________________________________________ _ 
Drain tile ____________ _____ _______ ________ __ ___ _ _ 
Sewer pipe _____________ ~ _______________________ _ 
Stove lining ____________________________________ _ 
Fire brick ______________________________________ _ 
Glass melting pots, etc. _____________ __ ____________ _ 
VVall coping ___________________ ~ ________________ _ 
Miscellaneous ___________________________________ _ 
Total ____________________ _________________ _ _ 
Pottery _____________ . ____________________ ____ _ 
Grand total _________________________________ _ 
Clay sold __ ___ _ . ____ ____ _____ ______ _______ __ _ 
1928 
$ 69,332,912 
7,800,090 
40,034,273 
1,506,077 
13,641,777 
25,791,634 
2,693,098 
31,523,096 
5,256,220 
23,968;773 
343,907 
37,391,735 
1,993,609 
663,131 
3,830,181 
$265,770,513 
107,780,369 
373,550,882 
14,200,739 
1929 
$ 60,181,451 
7,281,681 
35,787,363 
1,711,052 
14,587,911 
30,121,712 
2,482,141 
22,009,133 
6,542,821 
21,421,897 
468,248 
42,699,145 
2,276,009 
486,664 
4,609,180 
$264,560,411 
14,850,744 
The following list of clay plant operators was furnished this Sur-
vey by the Bureau of Census before it decided not to furnish such lists. 
Adel Clay Products Co., Adel, Dallas county. 
Art Novelty Pottery Co., VVaterloo, Black Hawk county. 
Audubon Brick & Tile VV orks, Audubon, Audubon county. 
Ballou Brick Co., Sergeant Bluff, VVoodbury county; office 200 United Bank Bldg., 
Sioux Cjty. 
Bellevue Clay Products Co., Bellevue, Jackson county. 
Centerville 'clay Products Co., VVest Van Buren St., Centerville, Appanoose county. 
Germont Brick & Sand Co., Clermont, Fayette county. 
Crystal Spring Clay Co., Kimballton, Audubon county. 
Deep River Brick- & Tile Co., Deep River, Poweshiek county. 
Des Moines Clay Co., 908 VValnut St., Des Moines, Polk county. 
Garrison Brick & Tile VV orks, Garrison, Benton county. 
Gethmann Brick & Tile Co., Gladbrook, Tama county. 
Gladbroqk Pressed Brick Co., Gladbrook, Tama county. 
Goldfield Clay VVorks, Goldfield, VVright county. 
Goodwin Tile & Brick Co" S. E. 18th & Hartford Sts·., Des Moines, Polk count~ ; 
office 410 Shops Building. 
Goss Brick Yard, N. Dodge Street, Iowa City, Johnson county. 
Gould, G. 0., Belle Plain~, Benton county. 
Green Brick Co., 4200 Correctionville St., Sioux City, VVoodbury county. 
Hedrick Tile VV orks, Hedrick, Keokuk county. 
Heim, John G., Brick Co., VV est 32d St., Dubuque, Dubugue county ; office 2444 
Broadway. 
Iowa Pipe & Tile Co., Inc., E. 4th & Hayes Sts., Des Moines, Polk county. 
Iowa Tile & Brick Co., Knoxville, Marion county. 
Iowa Tile VV orks, Box 108, Davenport, Scott county. 
Johnston Clay VVorks, Inc., First National Bank Bldg., Ft. Dodge, VVebster county. 
Kalo Brick & Tile Co., Snell Bldg., Ft. Dodge, VVebster county. . 
Lehigh Sewer Pipe & Tile Co., Lehigh, VVebster county; office 1526 Fifth Ave. North. 
Lynnville Brick & Tile VV orks, Lynnville, Jasper county. 
Mason City Brick & Tile Co., Inc., 19 VV. State St., Mason City, Cerro Gordo county. 
Maxwell Brick & Tile Co., Maxwell, Story county. 
Meyer, Peter, New Sharon, Mahaska county.' 
Morey Gay Products Co., Ottumwa, VVapello county. 
I 
I 
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National Clay Products Co., 4th St. S. · W., Masqv. City, Cerro Gordo county; office 
Box 424. 
Nelson, John A., Clay Products Co., What Cheer, Keokuk county. 
Nevada Brick & Tile Works, West Lincoln Way, Nevada, Story county; office 
Box 564. . 
North Iowa Brick & Tile Co., Inc., 19 West State St., Mason City, Cerro. Gordo 
county. 
Packwood Clay Tile \"Yorks, Packwood, Jefferson county. 
:flymouth Clay Products Co., 20th St. & 15th Ave. ,South, Ft. Dodge, Webster 
county; office 1420 7th Ave. N., Ft. Dodge. 
Postville Tile Works (Tuthill Bldg. Material Co.), Postville, Allamakee county: 
. office 131 W. 63d St., Chicago, Illinois. 
Redfield Brick & Tile Co., Inc., Redfield, Dallas county. 
Reinbeck Pressed Brick Co., Reinbeck, Grundy county. 
Rockford Brick & Tile Co., Rockford, Floyd county. 
Roggentine Tile Factory, R. R. No.4, Williamsburg, Iowa county. 
Sheffield Brick & Tile Co., Sheffield, Franklin county. 
Sioux City Brick & Tile Co., North Riverside St., Sioux City, Woodbury county; 
office.200 United Bank Bldg., Sioux City. 
Standard Clay Products Co., Harvey, Marion county; office Third Ave. East, Oska-
loosa, Mahaska county. 
Standard Clay Products Co., Third Ave. East, Oskaloosa, Mahaska county. 
Sfockport Brick & Tile Co., Stockport, Van Buren county. . 
United Brick & Tile Co., Adel, Dallas county; office Lee Bldg., Kansas City, Mo. 
United Brick & Tile Co., Plant No.1, Boone, Boone county; office as above: 
United Brick & Tile Co., Plant No. 33, Carlisle, 'Warren county; office as above. 
United Brick & Tile Co., Plant No.7, Creston, Union county; office as above. 
United Brick & Tile Co., Plant No.2, Des Moines, Polk county; office as above. 
United Brick & Tile Co., Plant No.5, Van ,Meter, .Dallas county; office as above. 
United Brick & Tile Co., Plant No.3, Des Moines, Polk county; office as above. 
United Brick & Tile Co., Plant No.4, Des Moines, Polk county; office 'as, above. ' 
Vincent Clay Products Co., Inc., Ft. Dodge, Webster county; office 617 First Nat. 
Bank. 
Washington Brick & Tile Works, Washington, Washington county'. 
Wh.at Cheer Clay Products Co., What Cheer, Keokuk county. ' 
Wickham's Brick Ya,rd, North 8th St., Council Bluffs, PottawaHamie county; o~ce 
19 Scott St. 
Winfield Brick & Tile Co., Winfield, Henry county: 
COAL 
Comparison of the table that follows with the summary figut:es for 
1928 will show that the Iowa coal industry made a long stride toward 
regaining the place it held a few years ago. Both tonnages arid values. 
increased-largely, despite a slightly lower average price. This increase 
was . reflected in the larger number of men who received employment 
and in the number ' of days they worked. They must not ha~e worked 
quite so industriously, however, for the tonnage per man declined 
a little from its 1928 position. 
Among the counties Marion retained leadership, although with a 
smaller output and a lessened margin. Polk, which had been second 
in 1928, dropped to third place in 1929, both because of slightly lower 
production and because of the larger output , of Appanoose, which rose 
to second place. Polk, however, did, retain second place in value re-
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ceived. Monroe advanced .notably, in both absolute output and r~l­
ative standing. ' A number of other counties also showed noteworthy 
improvement. 
The following table is taken frpm the report <?f the Mine Inspectors 
for the biennial period ending December 31, 1929. It is of interest 
because it includes the smaller mines which do not report to the federal 
Bureau of Mines. 
Counties Mines Tonnage Employees 
1928 1929 1928 1929 1928 1929 
Adams .. . . . ....... 7 8 13,259 '18,128 75 82 
Appanoose .. . ..... 70 63 484,250 588,029 1,440 1,688 
Boone . . .......... 9 11 399,458 483,401 873 967 
Dallas .. . ......... 4 4 273,470 419,397 593 668 
Davis , ...... .. ' . . ' .. 2 2 3,220 2,917 13 13 
Greene ...... . . .... 3 3 4,918 7,069 19 23 
Guthrie ... . .... . .. 7 6 8,901 9,409 51 50 
Jasper .. . . . ....... 8 7 44,964 57,525 100 118 
Jefferson .. . ...... .. 2 2 1,829 3,486 . 12 21 
Lucas ............ . 5 8 327,447 442,471 408 634 
Mahaska ......... . 30 30 58,678 56,741 176 . 204 
Marion ... . ...... . 25 33 858,634 795,671 965 1,057 
Monroe ........... 17 17 361,848 518,294 732 759 
Page ............ . . 5 4 20,560 20,236 82 90 
Polk .. .. .. . . ... .. . 19 20 591,752 569,681 953 898 
Taylor ......... ... 3 3 15,370 8,828 55 66 
Van Buren ........ 7 7 11,175 13,333 40 42 
Wapello . .... . .... 29 27 87,184 103,814 240 251 
Warren ... .. ... .. . 6 8 163,290 202,063 288 375 
Wayne ........ . . .. 5 6 20,304 ' 15,370 70 89 
Webster ....... .. .. 4 2 9,036 1,150 29 8 
Totals .. . ..... . . 267 271 3,759,545 4,337,013 7,214 8,103 
Local mines ....... 214 217 697,829 738,528 2,052 2,266 
Shipping mines .... 60 54 3,061,716 3,598,485 5,162 5,837 . 
Mining machine!! .. 80 103 
Horses and mules , . 572 607 
Final figures of production in the United States during 1929 
indicate that the tonnage of anthracite recovered was 73,828,195, with 
a value of $385,643,000. Tonnage of bituminous was 534,988,593, 
valued at $952,781,000. Total amount was 608,816,788 tons, valued 
at $1,338,424,000. 
Production, Vall4e, Men Employed, Days Worked, atld Output per Man per Day at Coal Mitles in Iowa in 1929* 
(Exclusive of product of wagon mines producing less than 1,000 tons) 
Net tons Value - Number of employees 
Underground Aver-Sold to Used at age 
County ~ Loaded at local trade mines for Aver- number mines for and used power Total Total age Miners, Haulage All Surface Total of 
.g shipment by and quantity per loaders, and others da~. 
0 employees' heat ton and shot traek wo~ ed ... 
firers Po. 
-- --------
Adams ....... 5 ....... .. 11,332 . 1,800 13,132 $ 40,000 $ 3.05 25 3 2 . 4 34 189 Appanoose ... 51 492,370 75,584 1,360 569,314 1,542,000 2.71 1,189 116 92 128 1,525 151 Boone ........ 7 407,395 72,088 4,107 483,590 1,479,000 3.06 688 72 89 48 897 206 Dallas .. . ... .. 4 404,498 13,260 1,638 419,396 1,170,000 2.79 433 49 55 37 574 206 Greene and 
Webster ... . 4 .. . .... . . 3,777 .... . ... 3,777 15,00·0 3.97 15 -2 2 3 22 71 Guthrie .. : . .. 6 .. . . _ ... . 10,609 .... . ... 10,609 42,000 3.96 ;JO 2 4 4 40 154 Jasper .. . .... 6 . . ..... . . 54,122 4,505 58,627 165,000 2.81 77 10 11 18 116 151 Jefferson . .... 3 ......... 3,676 . . . . .... 3,676 9,000 2.45 10 1 1 1 13 158 
Lucas . .... . .. 4 425,592 4,543 9,902 440,037 _ 1,324,000 3.01 400 71 105 42 618 197 Mahaska . . ... 25 ...... . .. 48,616 139 48,7~5 126,000 2.58 120 4 6 9 139 148 Marion .. . ... 17 709,563 54,109 16,995 780,667 2,255,000 2.89 694 97 124 53 968 -229 
Monroe ...... 10 483,926 25,926 3,167 513,019 1,251,000 2.44 546 69 51 54 720 229 Polk . . . ..... . 14 269,259 282,075 9,116 560,450 1,596,000 2.85 639 102 69 68 878 222 
Taylor .... .. . 3 358 8,470 ........ 8,828 36,000 4.08 34 4 2 2 42 120 Van Buren ... 4 3,619 6,103 75 9,797 27,000 2.76 IS 2 1 2 23 168 Wapello . ..... 20 158 77,021 235 77,~14 215,000 2.78 137 11 10 16 174 138 Warren .. . ... 6 184,888 13,594 4,200 202,682 519,000 2.56 270 29 56 35 390 219 Wayne .... . .. 5 2,175 13,095 ... ... . . 15,270 48,000 3.14 53 5 7 8 73 114 Other counties 
(Davis, Keo-
kuk,and 
Page) ... .. . 6 . . ....... 22,02.9 . . .. .... 22,029 89,000 4.04 30 6 6 7 49 133 
------------
Totals for 1929 201 3,383,801 800,029 57,239 4,241,069 11,948,000 2.82 5,408 655 693 539 7,295 195 
-------------Totals for 1928 222 . 2,849,348 781,390 52,897 3,683,635 10,525,000 2.86 5,055 766 644 500 6,965 175 
Aver-
age 
ton. 
per man 
per day 
--
2.04 
2.47 
2.61 
3.55 
2.42 
1.72 
3.36 
1.79 
3.61 
2.37 
3.53 
3.11 
2.87 
1.75 
2.53 
3.22 
2.37 
1.83 
3.38 
2.98 
3.02 
• The figures r elate only to active mines of commercial size that produced coa l in 1929. The number of such mines in Iowa was 201 in 1929; 222 in 
1928 ; and 183 in 1927. 
Methods of miuing in 1929 : The tonnage by hand was 489,369; shot off the solid, 2,416,232; cut by machines, 1,282,612; not specified, 52,856. 
Size classes of commercial mines in 1929: There were 5 mines in Class 1 B (200,000 to 500,000 tons) producing 32.6 per cent of the tonnage ; 7 in 
Class 2 (100,000 to 200,000 tons) with 24.0 per cent; 8 in Class 3 (50,000 to 100,000 tons) with 14.7 per cent; 34 in Class 4 (10,000 to1 50,000 tons) with 20.3 per cent ; 147 in Class 5 (less than 10,000 tons) producing 8.4 per cent. . 
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The following firms produced coal during 1928 and 1929. 
Adams County 
Aukeny Coal Co., Villisca 
Black Diamond Coal Co., Route 1, 
Nodaway . 
John G. Henton, R. F. D. I, Carbon 
Larson & Turner, Route 6, Corning 
McKee Coal Co., R. 6, Carbon 
J. F. Ruth & Son, Carbon 
Smith Coal Co., Carbon 
Wild Coal Co., Carbon 
Appanoose County 
Appanoose County Coal Co., Centerville 
Armstrong Coal Co., Cincinnati: office 
Commerce Bldg., Kansas City, Mo. 
Battle Creek Coal Co., Route 2, Mys-
tic 
Big Slope Coal Co., Route 3, Center-
ville 
Bradshaw Coal Co., Dean 
Buban Coal Co., Route 1, Mystic 
Byte Coal Co., Route 3, Centerville 
Caldwell Coal Co., Exline 
Center Coal Co., Centerville 
Centerville Block Coal Co., Centerville 
Centerville Coal Co., Centerville 
Citizens Coal Co., Centerville 
Clarke' Coal Co., Centerville 
J. A. Colgan Coal Co., Mystic 
Columbus Coal -Co., Centerville 
Commercial Coal Co., Mystic 
Diamond Lump Coal Co., Centerville 
Domestic Coal Co., Cincinnati 
Duff Coal Co., Mystic • 
Empire Coal Co., Centerville 
Enterprise Coal Co., N uma 
·Fairlawn Coal Co., Centerville 
Friendship Coal Co., Cincinnati 
Garfield Coal Co., Centerville 
W. M. Evans, Tr. in Bankruptcy 
Guinn Coal Co., Coal City 
Hafner Coal Co., Cincinnati 
Happy Hollow Coal Co., Route 2, Cin-
cinnati 
Helman Bros. Coa) Co., Centerville 
. Herr Coal Co., Plano 
Hi-Test Coal Co., Mystic 
Iowa Block Coal Co., Centerville 
Jerome Coal Co., Jerome 
Kincaide Coal Co., Centerville 
J . A. Koontz, Centerville 
Liberty Coal Co., Mystic 
Little Walnut Coal Co., Mystic 
W. W . Lowe, Brazil 
Maddalozzi Coal Co., Mystic 
McConville Coal Co., Centerville 
Monitor Coal Co., Centerville 
New Barrett Coal Co., Mystic 
New Egypt Coal Co., Mystic 
New Rock Valley Coal Co., Center-
ville 
New Star Coal Co., Route 1, Center-
ville 
North Hill Coal Co., Centerville 
Numa Coal Co., Numa 
Old King Coal Co., Centerville 
Peacock Coal. Co., Brazil 
Prospect Coal Mine, J. F. Daniels, Ex-
line 
Rathbun Coal Co., Rathbun 
Red Bird Coal Co., Seymour 
Rock Valley Coal Co., Centerville 
J . Rosenbaum & Son, Centerville 
Simatovich Coal Co., Dan Simatovich, 
Route 3, Centerville 
Star Coal Co., Mystic 
Sunshine Coal Co., Centerville 
Thistle Coal Co., Cincinnati 
J. A. Truby, Route 1, Mystic 
Walnut Creek Coal Co., Jerome 
Water Lily Coal Co., V. Blazina & 
Son, Rathbun 
White Oak Coal Co., Exline 
Boone County 
Benson Coal Co., Boone 
Boone Coal Co., Inc., Boone 
Fort Dodge, Des Moines & Southern 
R. R. Co., Ogden 
Kennedy & Blosser, Ogden 
Kristianson Bros., Route No.1, Ogden 
Scandia Coal Co., Madrid: office 606 
Grand Ave., Des Moines 
Spring Valley Coal Co., Boone-
Dallas County 
DaU'as Fuel Co., Granger: office Insur-
'ance Exchange Bldg., Des Moines 
N orwood-White Coal Co., Moran: of-
fice 907 Bankers' Trust Bldg., Des 
Moines 
Scandia Coal Co., -Des Moines 
Shuler Coal Co., Waukee: office So. 
Surety Building, Des Moines 
Davis COlmty 
Henderson & Goodwin Coal Co., Floris 
Lunsford Bros. Coal Co., Bloomfield 
Mitchell Bros. Coal Co., R. F. D. No. 
2, Floris 
Van Patten Coal Co., Floris 
Greene County 
Creek Side Coal Co., Dawson 
Harold McElheny Co., Rippey 
Riverside Coal Co., Rippey 
Guthrie County 
Butler Coal Co., Guthrie Center 
Mallon Coal Co., Guthrie Center 
John Mansell Coal Co., Guthrie Center 
Elmer Renslow Coal Co., Guthrie Cen-
ter 
W. H. Scott, R. R. No.5, Guthrie Cen-
ter 
COAL OPERATORS 533 
H. M. Sipe Coal Co., Guthrie Center 
Thomas Coal Co., Guthrie Center 
Jasper C ollnty 
Colfax Coal Co., Colfax 
Hopkins Coal Co., Colfax 
Jackson Coal Co., R. F. D. 4, Newton 
Marshall Coal Co;, Monroe 
McKeevers Coal Co., Colfax 
McSeel Coal Co., Colfax 
Newton Coal Co., Newton 
Merl Stines, R. F. D. No. 3, Monroe 
Jefferson County , 
BO!IDett Coal Co., Fairfield 
R. B. Cross, R. 2, Birmingham 
Star Coal Co., R. F . D. 7, Fairfield 
Keokuk Cotmty 
Carson Bros., What Cheer 
Clive Coal Co., Delta 
Lucas County 
Cedar Coal Co., Route 4, Melrose 
Central Iowa Fuel Co., Williamson: of-
fice 1209 So. Surety Bldg., Des 
Moines 
Consolidated Indiana Coal Co., Mel-
cher : ,office 139 West Van Buren 
St., Chicago, Ill. 
Mederais Coal Co., R. 1, Lacona 
Union Coal Co., John T . Griffith, Box 
131, Lucas 
Mahaska County 
' Charles Ahrweiler, Oskaloosa 
Ball & Co., What Cheer 
Blomgren Bros. Coal Co., R. F. D., 
Lovilia 
Cromwell .& Wilson, Givin 
De Frehn & Son, Oskal06sa 
Eddy Coal Co., Beacon . 
Edwards Bros. Coal t o., Oskaloosa 
A. M. Ellis Coal Co., Givin 
Evans Bros. Coal Co., Eddyville ' 
Evans Coal Co., Evans . 
Fedro Coal Co., R. F . D., Givin 
Steve & Joe Gasper, Truax 
Givin Coal Co., Givin 
G. A. Hausel Coal Co., Rose Hill 
Hynick Coal Co., R. R. 1, Gi~in 
Thomas Lewis, Givin 
Mathes Coal Co., Givin 
Mitchell Coal Co., 902 1st Ave. W., 
Oskaloosa 
J. M. Mitrisin, Oskaloosa 
O'Brien & Edwards, Bea'con 
Oskaloosa Coal Co., Oskaloosa 
Owens & Griffith, Beacon 
Henry Pool, Oskaloosa 
Roberts Bros. Coal Co., Oskaloosa 
Swanson & Hohn Coal Co., Oskaloosa 
Sweitzer Coal Co., Eddyville 
Thatcher Coal Co., Oskaloosa 
White & Ferguson, Rose Hill 
Williams Coal Co., New Sharon 
Woodward & Boggs Coal Co., Oska-
loosa 
Marion County 
Bishop Coal Co., R. F. D., Knoxville 
Bradley Bros. Coal Co., R. 1, Knoxville 
Cedar Creek Coal Co., Bussey 
Consolidated Indiana Coal Co., Mel-
cher: office 139 West Van Buren St., 
Chicago, Ill. 
Cox Bros., R. 3, Knoxville 
Charles Fortner Coal Co., R. F. D., 
Knoxville 
Hamilton Coal Co., Hamilton 
Hayes Bros. Coal Co., Knoxville 
Horse Shoe Coal Co., Dupont & Vil-
lont, Bussey 
Roy Hudson Coal Co., R. 8, Knoxville 
Johns Bros. Coal Co., Bussey 
C. C. Kendall Coal Co., Marysville 
Arthur Lockhart Coal Co., R. F . D., 
Oskaloosa 
Mayer Coal Co., Harvey 
McAllister & Gilcrest, Dallas 
Walter McElrea, Dallas 
Pershing Coal Co., Pershing: office 648 
Ins. Exch. Bldg., Des 'Moines ' 
John Miller & Sons, Pleasantville 
W . L. Nail Coal Co., Knoxville 
J. W . Newton, Dallas ' 
Riggens Coal Co., Harvey 
Red Rock Coal Co., Melcher : office 
. 1219 So. Surety Bldg., Des Moines 
Ben Rowley, Knoxville 
Success Coal Co., Otley 
Swan Coal Co., Swan 
Vanceunebrak Bros. Coal Co., ' Knox-
ville 
Monroe County 
Blackstone Coal Co., R. F. D. 1, Lovilia 
Carbon Coal Co., Albia 
City Coal Co., Albia 
De Ross Coal Co., Route 3, Albia 
Federal Coal Co., Route 3, Albia 
Graham Coal Co., Avery 
Hocking Coal Co., Hocking 
Independent Coal Co., J. H. Homerin, 
Albia 
Lovilia Coal Co., Lovilia 
Monroe Block Coal Co.; Albia 
Oak Block Coal Co., W . J. Gragg, R. 
6, Albia 
Plainview Coal Co., Albia 
Rex Fuel Co., Albia 
Smoky Hollow Coal Co., Albia 
Page County . 
Clarinda Coal Co., Clarinda 
Evans Coal ' Co., Clarinda 
. Pearson Coal Co., Clarinda 
. Sawmill Coal Co., Clarinda 
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Polk County 
Adelphi Coal & Mining Co., Adelphi : 
office 2300 East 24th St., Des Moines 
Beck Coal & Mining Co., Des Moines 
Bennett Bros. Coal Co., Des Moines 
Carbon Mining Co., 907 Bankers Trust 
Bldg., Des Moines 
Clover Leaf Coal Co., Des Moines 
'Commerce Coal Co., Commerce 
Des Moines Coal Co., Valley N at'l 
Bank Bldg., Des Moines 
Des Moines Ice & Fuel Co., Des 
Moines 
Economy Coal Co., Des Moines 
Gibson Coal Co., Rider: office 225 Iowa 
Bldg., Des Moines 
Independent Coal Co., Des Moines . 
Norwood-White Coal Co., Herrold: of-
fice, Des Moines 
Preston Coal Co., Carlisle 
Spring Valley Coal Co., Boone 
Standard Coal Co., 2456 East Grand 
Ave., Des Moines . 
Robert Stanford Coal Co., Des Moines 
Urbandale Coal Co., Des Moines 
Taylor Cotmty 
Bean Coal Co., New Market 
Carbon Coal Co., S. Osborn, New Mar-
ket . 
New Market Coal Co., New Market 
Richardson Coal Co., Gravity 
Van Buren 'C ounty 
Blue Jacket Coal Co., Clark Bourland" 
Farmington . 
A. Carmichael, Birmingham 
]. Daniels & Sons, Douds 
Greer & Sons Coal Co., Mt. Zion 
Ratcliff Coal Co., Douds 
Wapello County 
Airline Coal Co., 415 S. Willard St., 
Ottumwa 
Best Coal Co., William Rogers, R. F. 
D., Ottumwa 
Big Four Coal Co., Ottumwa 
Blakesburg Coal Co., Ottumwa 
Carr Brothers Coal Co., Eldon ]" 'w. Dawson, Kirksville 
Gibbs Bros. C()al Co., R. F. D., Ottum-
wa 
Glendale Coal Co., 1317 Castle St., Ot-
tumwa 
. Happy Hollow Coal Co., R. F. D., Ot-
tumwa 
Hartwig Bros. Coal Co., Eldon 
Indian Head Coal Co., Ottumwa 
L. A. Keller Coal Co., R. F. D. 5, 
Ottumwa 
Kirkville Coal Co., Lipovac & Hoover, 
. Ottumwa 
Lafayette Coal Co., 1024 West 2d St., 
Ottumwa 
Larkin Coal Co., R. F. D. 4, Ottumwa 
Miers & Houk Coal Co., R. F . D. 8, 
Ottumwa 
Munterville Coal Co., Blakesburg 
Henry Rowley, R. 3, Blakesburg 
Santen Coal Co., R. F . D. 3, Blakes-
burg 
Sickles Coal Co., Eldon 
Simpson Bros. & Howard, Ottumwa 
Stribling· Coal Co., Eldon 
Thode Coal Co., R. F. D., Blakesburg . 
Union Coal Co., Ottumwa 
Utterback Coal Co., R. F. D. 8, · Ot-
umwa 
Wapello Coal Co., Ottumwa 
Weist Coal Co.; Eldon 
Wal'ren County 
Roy Carpenter, Lacona 
Great Western Coal Co., Orillia: of-
fice Polk Bldg:, Des Moines 
Indian Valley Gloss Coal Co., Hart-
ford: office Ins. Exch. Bldg., Des 
Moines 
Lanti Miller Coal Co., Lacona 
O;1k Hill Coal Co., Carlisle 
Ridge Block Coal Co., Carlisle 
Scotch Ridge Coal Co., R. -F. D., Car-
lisle 
W aylle County 
L. E. Bennett, R. 2, Promise City 
Hayhurst Coal Co., R. 2, Promise City 
Rissler & Yocum, Promise City 
Violet Valley ' Coal Co., Seymour 
Whalen Coal Co., Seymour . 
Webster C otmty 
A. Munson Coal Co., Lehigh 
GYPSUM 
The mmmg of crude gypsum and the sales of crushed unburned 
gypsum both were less in 1929 than in 1928, and the output of calcine.d 
and processed gypsum was somewhat less also .• More fibered plaster 
and boards were sold, but in the case of the latter the price received was 
less. Some of the apparent discrepancies in figures for the past three 
years ' are no doubt due to differences in classification. 
r· 
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Iowa operated 27 kettles in 1929 as agaihst 28 in 1928, but the total 
capacity is given as 4,444 tons compared with 4,204 tons the 'year be-
fore. 
Producers in recent years were these: 
Federal Gypsum Co., Centerville (Now U. S. Gypsum Co.)'. . 
Certainteed Products Corp., Fort Dodge. Office 100 E. 42d St., New 
York. 
Universal Gypsum & Lime Co., Fort Dodge. Offices 1535 Conway 
Bldg., Chicago. 
Unit~d States Gypsum Co., Fort Dodge. Offices 300 \V. Adams St., 
Chicago. 
. Hawkeye Gypsum Products Co., Fort Dodge. . 
_ Johnson Clay Works, 214 First Nat. Bank' Bldg.; Fort Dodge. 
Wasem Plaster Co., Warden Apts., Fort Dodge. 
Cardiff Gypsum Plaster Co., 903 Central Ave., Fort Dodge. 
Production of Gypsum ill 1928 and 1929 
1928 I' 1929 
tons value tons value 
Crude gypsum mined .... . . 764,044 718,50~ 
Sold crude-cement mills .. 153,225 , 239,227 147,330 $ 232,846 
Agriculture . ........... . . 1,371 8,036 1,112 5,888 
Total sold crude . . ....... . 154,596 247,263 148,442 238,734 
Sold calcined-neat and 
sanded plaster .. .. ...... 101,397 678,282 39,114 208,416 
Fibered plaster . . .... . .. 253,114 1,197,374 276,033 1,276,~45 
Plaster board and wall 
board. : .... . . .. .... 120,257 (c) 2,471,806 126,018 (c) . 2,240,024 
Partition tile ..... . ... .. 59,008 390,373 54,468 356,160 
Other building(a) .... . .. 15,152 259,739 17,173 274,823 
Plaster of paris(b) ... .. . 16,212 110,377 8,955 74,054 
Total sold calcined . .... .. . 565,140 5,107,951 521',761 4,430,122 
Total sold .. . ........ . " 719,736 5,355,214 670203 4,668,856 
(a) Includes: Roofing' tile, special tile, insulating, fireproofing, other building material. 
(b) Includes: Keene's cement, S(lld to plate glass works. 
(c) 1928: Equals 13Z,34Z,827 square feet, or 3,038 acres, or 4.75 square miles. 1929 : 151,961,741 
square feet, or 3,489 acres, or 5.45 square miles. . 
The table following shows that production in the United States 
dropped a little from that of 1928, although the amount sold crude was 
somewhat larger . . Amounts and values of neat and sanded plaster 
were considerably less, but amounts and values of ~oards and lath were 
notably larger. . 
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Prodllction of Gypsum in the United States ill 1929 
Mined Sold Crude Sold Calcined 
!l Total Value 
5:: tons tons value tons value . ~ 
~ 
Iowa . .. ... ... 8 718,503 148,442 $ 238,734 521,761 $ 4,430,122 $ 4,668,856 
Michigan ..... 5 898,547 213,657 299,249 481,872 4,016,085 4,31Q,334 
Nevada . ... .. 5 225,514 43,815 131,735 148,640 1,159,119 1,290,854 
New york . .. . 11 1,284,338 298,793 707,644 859,147 7,632,208 8,339,852 
Ohio .. .. . .. .. 3 374,008 12,190 30,696 356,734 . 3,270,744 3,301,440 
Oklahoma .. . . . 3 369,433 b b 2,255,374 
Texas ........ 4 520,519 29,991 47,836 416,276 3,392,451 3,440,287 
Others(a) ... .. 20 625,270 318,809 640,885 57J,150 5,295,461 3,680,972 
, 
Total. . " . . 59 5,016,132 1,065,697 2,096,779 3,361,580 29,196,190 31,292,969 
1928 . . . . . ... . 58 5,102,250 999.412 1,902.034 3,641,385 30,134.129 32,036,163 
(a) Includes: Arizona, California, Colorado, K ansas, Montana, New Mexico, South Dakota, 
Utah, Virginia, Wyoming. 
(b) Included in Others. 
An interesting development of the year was the discovery by the 
Bureau of Mines that anhydrite in very fine form dissolves in water 
about as fast as gypsum. Hence in this condition it can be used as 
retarder 'in cement: (Pit and Quarry, Jan. 1, 1930.) White ce-
ments of excellent cementing powers have been made from anhydrite 
also. (RoCk Products, vol. 33, Jan. 4, 1930, p. 111.) . Flexible wan 
board and lath have bee~ perfected recently and s-ev~raJ other. neW 
products have been made public. 
, . 
LIMESTONE AND LIME 
The tables which follow show a slight reduction in the ' amount of 
stone marketed in 1929 and a somewhat greater reduction ir its value 
as compared with that produced in 1928. This lessened output was 
shared by every important branch of the industry, even the classes of 
-crushed stone-.for concrete, ballast, agriculture, etc.-being produced 
in lessened amounts. And these are much the most important elements 
in Iowa's stone trade . . ather construction materials-rbugh stone for 
building .and riprap for river improvement and similar projects-stand 
next in order of value. 
Only one li~e plant was operated, that of the Hurst estate at Hurst-
ville. The Dubuque Stone Products Co. dismantled its kilns in Decem-
oer, 1928, thus termiooting an operation of many years standing. 
Scott was .the leading county during this year with Marshall, Madi- -
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son, Hardin, Black Hawk, and Johnson following in order among the 
leaders. Among individual producers the Linwood Cement Co. of 
Scott county was the foremost, while the River Products Co. of J ohn-
son' county stood next. This' of course does not include the materials , 
extracted by the cement companies· for their own manufacturing 
purposes. 
Production of Stone and Lime, 1928 and 1929 
1928 1929 
Kind 
Plants tons value Plants tons value 
--- -
Building .. . ........ ... 3 8,750 $ 13.000 3 12,510 $ 13,839 
R~bble ...... . .. . . , ... 5 3,800 3,985 3 2,110 2,952 
Rlprap ... , .. . .. .... .. . 11 106,790 87,586 12 92,660 103,777 
Concrete & road metal .. 25 1,199,230 1,306,984 29 1,158,490 1,182,773 
Railroad ballast ...... . . 3 112,040 109,160 5 107,390 45,809 
Flux .................. 2 6,840 9,767 2 10,160 17,923 
Agriculture .......... .. 18 207,660 180,770 19 193,050 159,752 
Sugar factories" etc .... . 5 10,417 28,736 4 48,630 28,168 
35 1.666.270 1.742.252 41 1,625.000 1,560,066 
. Iowa ranked seventeenth among the states in the production of lime-
stone in 1929 .. Pennsylvania w~ the leader, followed closely by Ohio, 
Michigan and New York. In values, however, Indiana was 'far and 
away the leader, on account of its output of high grade building stones 
from the B'edford quarries. Output from some of the important states 
, was as follows: 
State. I 
Penrisylvan,ia __________________________________ -' __ _ 
' ~~~~ig;~-========================================~ .New York _______________________________________ _ Illinois ______________________ __ __________ . ________ _ 
.. Indiana _________________________________________ _ 
~ii~~~~~iin r ==== === =========== ====== =========:= = ==== West Virginia ___________________________________ _ Texas _____________________ ______ ______ ~----------
Total for U. S. ______________________ :.. _________ 1 
TOilS 
14,525,080 
14,241,690 
13,572,010 
11,105,850 
8,345,080 
5,129,220 
4,093,430 
3,441,070 
3,301,160 
3,238,760 
100,686,960 1 
Value 
$ 14,024,287 
11,789,747 
8,425,261 
13,841,827 
6,965,264 
22,191,883 
5,704,241 
3,882,645 
2,978,873 
2,390,23~ 
$113,906,071 
The total amount of storie of all kinds produced in the United 
.States during thi~ year was, 141,109;580 tons ~ith a value of $202,692,-
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762. The amount of lime sold from the 400 producing plants was 
4,260,000 tons, valued at $33,387,000. Pennsylvania was leader also 
in total quantity of stone produced, with Ohio second here ~lso, but 
again Indiana was leader in values, with Pennsylvania second and New 
York third. Ohio was leader in lime burning and Pennsyhania was 
second. 
The following is a list of limestone producers in Iowa: 
Allamakee COlmty 
Holtzhammer & Kaiser, La Crosse, 
Wis. Quarry at Heitman . 
Thomas Eagon, La Crosse, Wis. Quar-
ry at Lansing 
City of Lansing, Lansing 
Allamakee County, Highway Dept., 
Waukon 
Appanoose County 
Wm. B. Swan, Plano 
Black Hawk County 
The Builders Material Co., Cedar Rap-
ids. Brandon (Hawkeye Quarry) 
A. Bartlett, 1165 E. Fourth St., Water-
loo 
Waterloo Dredging Co., W. Mullan 
Ave., Waterloo 
Bremer County 
Waverly Stone & Gravel Co., Fowler 
Bldg., Waterloo . . Quarry at W,ilverly 
Blltler COllnty 
Concrete Materials Corp., Waterloo. 
Quarry at Clarksville 
Chicago, Rock Island & Pacific Ry. Co., . 
La Salle Street Station, Chicago, III. 
Quarry at Clarksville 
Cerro Gordo County 
Henry Kuppinger, Mason City 
Stoddard Stone Products Co., J. C. 
Stoddard, Mason City 
N. W. · States Portland Cement Co., 
Mason City 
Quimby Stone Co., C. K. 'Quimby, 24 
13th St., N. E., Mason City 
Clayton County 
H. ' D. Kregel Estate, Garnavillo 
Western Quarry Co., 1422 Walnut St., 
Des Moines 
E . C. Schroeder & Co., McGregor 
U. S. Engineer Office, Box J. Com-
mercial Sta., St. Paul Minn. Quarry 
at McGregor 
Clinton County 
C. T. Hanrahan, Charlotte · 
Arthur Daniels, Lost Nation 
N. A. Gaarde, Clinton 
Lee B1oore, 1619 N. 4th St., Clinton 
George T. Smith, 700 S. Bluff Blvd., 
Clinton 
Dallas County _ 
Chicago, Rock Island & Pacific Ry. 
Co., La Salle. Street Station, Chicago, 
III. Quarry at Van Meter 
Decatur COlmty 
Davis City Quarry Co" Davis City 
Des Moines County 
Limestone ·Fertilizer Co., Whitaker 
Bldg., Davenport. Quarry near 
Oakland, Louisa Co. 
Dubllqlle County 
Wm. Becker, 1333 Kaufman Ave., Du-
buque 
Ludwig Grassel, Dubuque 
Dubuque Stone Products Co., Dubuque 
Okey & Fager, Cassville, Wis. Quarry 
at Dubuque 
B. N. Arquitt, Farley 
Dub)lqu~ County, Highway Dept., Du-
buque. Quarry at Waupeton 
Fayette County 
M. O. Weaver, Iowa Falls. Quarry 
at Fayette . ' 
.. Weaver Construction Co., Fayette 
Graham & Schenk Co., West Union 
Floyd County 
H. L. Winskeel, Benton, Wis. Quarry' 
at Lithograph City (Orchard) 
Henry Gaythre, R. D. 6, Charles City 
Hardin County . 
Iowa Limestone Co., 907 Bankers Trust 
Bldg., Des Moines. Quarry at Al-
den 
Henry County 
J. F. Lynn, 120 S. La Salle St., Chi-
cago, III. Quarry at Mount Pleasant 
H oward C Ollnty 
Cresco Stone & Concrete Co., Cresco' 
lackson County 
Isaac Voelpell, Baldwin 
Clarence C. Putman, Bellevue 
A. A. Hurst, Maquoketa. Quarry at 
Hurstville (near Maquoketa) 
lohnson County 
River Products Co., 20-21 Schneider 
Bldg., Iowa City. ' Quarry a~ Coral-
ville (Conklin Quarry) 
lones·County 
Men's Reformatory, Anamosa 
Production of Limestone and Lime in Iowa in 1929 
Building stone, . Concrete, road Other uses(il) . 
Counties .5 rubble, riprap metal ~ 
~ 
~ tons value tons value tons value 
Allamakee(I), Fayette(1); Winne-
shiek(1) .... . .......... . ..... . 3 .... . ... .. . .... . 46,830 $ 56,560 (b) . .. . .. ... 
Black Hawk(2), Butler(l) ... .... . 3 . . ...... ••• • • 0 " • 165,560 146,936 (b) . . . . ..... 
C err 0 G 0 r do (2), Flo y d (1) 
Howard (1), Mitchell (1) .. .. . .. 5 ........ ........ 57,554 38,625 15,608 $ 20,445 
Clayton . ....... . ..... . .. . . .. . . . 3 ....... . . ....... 70,800 74,250 . ...... . . 
0 • • • •• •• • 
Clinton (2), Jackson (3) : . . ... . ... 5 58,550 
Dallas (1), Madison (1), Poca-
$ 60,550 5,700 7,448 4,000 9,025 
hontas (1) . . . . . . ........... . .. 3 ... . .... ........ 161,466 146,980 4,116 3,104 
Dubuque . . . ..... . ....... . ..... . 4 (b) . .. . ... . 144,847 162,656 (b) . .. .. .... 
Hardin (I), Marshall (2) . .... . ... 3 (b) ........ 201,308 195,907 115,372 81,692 
Johnson (I), Jones (2) .. ... . . .. . . 3 10,215 11,015 130,265 149,849 17,409 16,779 
Lee (2), Van Buren (3) ... ... .. . . . 5 17,593 24,467 49,234 70,992 40,656 10,715 
Linn (1), Muscatine (1) Scott (2) . 4 (b) ........ 214,287 205,027 93,622 62,681 
Totals .. . .. ... . .............. . 41 107,280 120,568 1,158,490 1,182,773 359,230 251,652 
Totals for 1928 .· ..... : . . ... . .. . 35 119,340 104,571 1,199,230 1,306,984 336,957 328,433 
- ------
(a) Includes: Railroad ballast, flux, sold to sugar factories, agricultural limestone, railroad fills, lime. 
(b) Included in Concrete. 
Total 
tons 
46,830 $ 
165,560 
73,162 
70,800 
68,250 
165,582 
144,847 
316,680 
157,889 
107,483 
307,909 
1,625,000 
. 1,667,721 
value 
56,560 
146,936 
59,070 
74,250 
77,013 
150,084 
162,656 
277,599 
177,643 
106,174 
267,708 
1,560,966 
1,761,908 
(fl 
t-l 
o 
Z 
~ 
o 
c::: 
t-l 
'tI 
c::: 
t-l 
I:l:1 
><: 
n 
o 
c::: 
Z 
t-l 
..... 
~ (fl 
V1 
t.> 
\0 
540 MINERAL PRODUCTION IN · 192~ 
ColUlpbia Quarry, Geo. B. Shaler & 
G. J. Albright, Cedar Rapids. Quarry 
at Stone City 
H. Dearborn Sons, Stone City 
J no. Ronen, Estate, Anamosa Quarries, 
Stone City 
Lee County 
McManus Quarries Co., Inc., 112 Ma-
sonic Bldg., Keokuk. Quarry at Bal-
linger Station 
Keokuk Quarry & CQnstr. Co., Frank 
L. Griffey, 1325 Main St., Keokuk 
Liml County . 
Builders' Material Co., Cedar Rapids ' 
Falcon & Reinking, Inc., Box 761, Ce-
dar Rapids. Quarries at Adair and 
Cedar Rapids. 
Jos. Verba, Mt. Vernon 
Low:sa County 
Cqunty Engineer, Louisa Cciunty, Wap-
ello 
Madison County 
Hawkeye Portland Cement Co., 802 
Hubbell Bldg., Des Moines. Quarry 
at Earlham 
Marshall COImty 
Chicago & North Western Ry. Co, 400 
W. Madison St., Chicago, Ill. Quar-
ry at Le Grand 
Le Grand Lime Stone Co., Le Grand 
(Main office, 29 S. La Salle St., 
Chicago, Ill.) 
Marshall County, County Engineer, 
Marshalltown 
Mitchell County 
Plim Dykeman, Orchard 
F. L. Belzer, Osage 
H. L. \Vilson, Osage 
Pocahontas Co~mty 
. N. W. States Portland Cement Co., 
Gilmore Portland Cement Corp., Ma-
son City. Quarry at Gilmore 
Scott C outlty -
Dolese Bros. Co., 205 W. Wacker 
Drive, Chicago, Ill. Quarry at Buf-
falo 
Linwood Cement Co., 713 Kahl Bldg., 
Davenport. Quarry at Linwood 
Herman Witt, R. D. 1, McCausland. 
Quarry at Gambril 
Van Buren C 01t1lty 
Des Moines Valley Stone Co., Bona-
parte 
Douds Stone Co., H. E. Millen, Secy., 
Douds · 
W. H. Swank, Fairfield. QJ.larry at 
Farmington 
Winneshiek COlmty 
Hallett Construction Co., Crosby, 
Minn. Quarry at Decorah (Iv, mi. 
~r6m--on farm of Ed Yeoman) 
Decorah Stone Products Co., Decorah 
M. O. Weaver, Webster City. Quarry 
at Decorah 
State of Iowa, Highway Dept., Ames 
SAND AND GRAVEL 
The two main features in the sand and gravel industry during 1929 
were the downward trend in. the output and sale of structural. ~ate­
rials in both classes and the upward trend in the use of these materials 
fQr paving and other road-making purposes. Naturally these trends 
reflect conditions in these industries-building was slowing down, pav-
ing was speeding up. Other changes are noticeable, but are of much 
"less importance. Iowa's sands and gravels are of such nature that 
they will always find their chief uses in these ro~ghe~ phases of con-
struction and industry. 
Another notable feature of this as of other years is the fluctuations 
in county productions. Certain counties which show a high produc-
tion in one year may show little or none· in the succeeding year. This 
again reflects local construction conditions, as these materials ar~ nor.., 
mally transported only short distances. When building or road mak-
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ing is active in aJocality production of construction materia:ls will flour-
ish. When work slackens output decreases. 
Muscatine was the leading county in tonnage with Cerro Gordo, 
Butler, Sac, Polk and Mahaska following in that order. In values 
Muscatine led and Cerro Gordo, Sac, Mahaska, Polk and Butler were 
next in order. The Concrete Materials Corporation of Waterloo, with 
pits in several counties, was the largest producer, the Ideal Sand and 
Gravel Co. of Mason City was second, and the Automatic Gravel Prod-
ucts Co. of Muscatine was third. 
, 
S 1I1mnary of Sand and Gravel Pl'odnction, 1928 and 1929 
1928 1929 
Materials Ave. 
Pits tons value Pits tons value 
price 
--
Sand 
Molding ........... 5 64,929 $ 43,667 3 48,558 $ 32,911 $ 0.6 
38 531,400 280,843 39 442,491 224,833 
8 
Building ......... .. . .51 
Paving and roads ... 38 1,088,377 450,712 42 '1,294,148 . 538,416 .42 
Grinding, polishing . 3 14,087 31,789 3 18,676(b) 41,050 
Engine ........... . 10 35,608 17;163 10 44,338 22,146 .50 
Filter ... . ........ .. 1 (a) 
R. R. ballast ..... . . 3 10,660 3,060 3 26,345 5,726 .22 
Other .. , . ....... . . 3 88,737 45,370 7 12,723 2,965 .23 
---
Total sand ....... 60 1,833,798 872,604 62 1,887,279 868,047 
. --
- --
Gravel 
Building ... . ....... 38 341,533 333,079 . 40 317,719 254,666 .80 
Paving and roads ... 43 1,013,941 790,344 44 1,600,895 973,893 .61 
R . R. ballast .... . . 12 228,529 83,703 · 7 224,204 93,587 .42 
Other .. , .. . ..... . . 5 5,818 15,225 4 13,572 21,559 1.60 
---
Total gravel .. .. . 64 1,589,821 1,222,351 64 2,156,330 1,343,705 
----
--
Total output .. . . 80 3.423,619 2,094,955 80 4,043,609 2,211,752 .55 
(a) Included in Other sand. 
(b) Includes filter siind, average price $2.74; blast sand, average price $2.03. 
Production of sand and gravel throughout the nation was the high-
est in its history, the gain over 1928 amounti~g to 6.4 per cent. The 
same trends--downward in the case of structural material and upward 
in case of road making and ballast-were evident in national produc-
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tion as in our own state. The largest producers were as shown in the 
following list: 
State 
New York ______ __ ______ ' _________________________ _ 
Illinois ______ ~ ___________________________________ _ 
Michigan _______ ~ ______________________ __ ________ _ 
California ___ ________ ______ _____________ __ _______ _ 
Ohio ___________________________________ _________ _ 
Pennsylvania ..: ___________________________________ _ 
Indiana ____________________________________ __ ___ _ 
Wisconsin ______________ , _____________ ___________ _ 
Texas _________ ~----------------------------------New Jersey ______________________________________ _ 
Total for U:-S. ________________________________ 1 
TOils 
21,061,094 
18,256,203 
16,844,099 
15,688,545 
14,250,141 
12,674,320 
10,901,i98 
10,727,632 
9,409,295 
6,721,498 
222,571,905 1 
$ 14,919,658 
9,071,258 
7,928,744 
8,371,263 
9,182,862 
13,658,328 
5,528,832 
4,574,182 
5,765,943 
5,585,285 
$132,835,979 
Iowa ranked fifteenth in production and sixteenth in value. 
Production of Sand and Gravel i~ 1929~Sand 
Structural sand Paving sand 
Counties 
'" ~ \ tons value tons value 
Allamakee (0), Clayton (I), Fay-
ette (I), Winneshiek (2) ..... ... 4 ....... . . ..... . . 69,655 $ 56,072 
Black Hawk(3), Floyd(I), Tama(l) 5 54,455 $ 32,959 49,460 28,906 
Boone(I), Marspall(2), Story(O) ... 3 22,939 .. 12,095 22,668 11,298 
Butler . . .. .. . . ...... .. ......... . 3 15,222 5,262 76,189 19,388 
Cerro Gordo(2), Franklin(O), Han-
cock (1) . ...... ...... .. . ... .. . 3 72,500 31,750 155,068 54,653 
Clinton .. . . ............. .. . .. . .. 3 41,927 17,377 28,386 6,673 
Crawford (0),· Harrison (I), Ply- . 
mouth (1) ... . .. .. . ............ 2 (b) . .... .. . (d) ....... . . . 
Dallas(O), Mahaska(I), Marion(2) . 3 (c) .. . ... . . 180,950 89.852 
Des Moines (2), Lee (2) ......... . 4 12,737 5,740 20,223 8;040 
Dubuque (2), Jackson (1) . ... . ... 3 (c) . . . . . . . . 101,547 29,071 
Emmet(I),Osceola(I), Palo Alto(2) 4 8,303 6,393 . . . .... . .. .... . .... . 
Humboldt (1), · Pocahontas (I), 
Webster (I), Wright (1) .. . . . . .. 4 6,460 3,290 79,705 21,413 
Johnson(I), Linn(2), Scott(l) . .... 4 24,315 19,115 129,877 80,764 
Lyon (I), Sioux (3) .. .. ....... . . . 4 (c) ........ 167,7i6(e) 92,619 
Muscatine ... .... .. .... ... ..... . 4 82,636 41,494 118,079 30,034 
Polk ... .. . ... . ......... . .. : .... 5 56,583 27,250 129,520 64,953 
Sac .. .. .. .. ..... : .... . .... .... . 4 (c) . . ... . .. 124,954 47,407 
Total .. . . . ...... .... . .. . ... . . .- 62 442,491 224,833 1,294,148 538,416 
Totals for 1928 .. ......... . ... . 60 · 531,400 280,843 1,088,377 450,712 
(a) Includes : Molding, grinding, polishing, blast, engine, filter, balla'st, other sands. 
(b) Included with structural gravel. 
(c) Included with paving sand. 
(d) Included with paving gravel. 
(e) Includes paving gravel. 
(f) Included with structural sand. 
(g) Included with total sand and gravel. 
Other sand (a) 
tons value 
(c) ....... .. 
(c) . . . .. . ... 
(c) . ...... . . 
(c) . .. . ..... 
12,500 $ 5,250 
. . . . . . . . . ......... 
....... . . . . . ..... . 
. ....... . . . . .. .... 
(c) . ........ 
. . . . . . . . . .. .. .. . . . 
(f) . ... . . . .. 
(c) ...... .. . 
9,192 4,019 
(c) . .. ... ... 
34,230 49,541 
(c) .. ... .. .. 
. ...... ... .. . .. .. . . 
150,640 104,798 
214,021 141,049 
~ ~ 
Total sand 
tons value 
69,655 $ 56,072 
128,471 76,073 
45,607 26,993 
91,411 24,650 
240,068 90,056 
70,313 24,050 
(g) . ....... . ... 
180;950 89,852 
32,960 13,780 
~01,547 29,071 
8,303 6,193 
86,365 24,703 
160,384 100,398 
167,716 92,619 
234,945 121,069 
186,103 92,203 
124,954 47,407 
1,887,279 868,047 
1,833,798'- ___ 872,604 
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Prodltctionof Sand and Gt'avel in 1929-Gravel 
Counties 
Allamakee (1), Clayton (0), Fay-
ette (1), Winneshiek (2) ...... . . 
Black Hawk(2), Floyd(O), Tama(l) 
Boone (2), Marshall (2), Story (2) . 
Buena Vista (2), Dickinson (1) .... 
Butler ...... . . . . ......... ... . .. . 
Cerrq Gordo(2), Franklin(I), Han-
cock (1) .. . ... . ... . ...... . . . .. 
Clinton .... . .... . ......... . .. . .. 
Crawford (2), Harrison (1), . Ply-
mouth (1) . . . . ...... . ...... . .. 
Dallas(I), Mahaska(I), Marion(I). 
Des Moines (2), Lee (1) . .. .. .. . . .-
Dubuque (2), Jackson (1) .. .... .. 
Emmet(I), Osceola(I), Palo Alto(2) 
Humboldt (1), Pocahontas (1), 
Webster (1), Wright (1) .... . . . . 
Johnson(I), Linn(O), Scott(I) ... . 
Lyon (0), SioUx (1) .... . . . . . . . . .. 
Muscatine . ... . . ...... . . ...... . . 
Polk ........ : ..... : .. . .. . . . .. . . 
Sac ..... . ... . .. ... ... .... ..... . 
. Totals .. . . . . . .. . . . . ........ . .. 
Totals for 1928 . .. ..... .. . . . . . . 
(b) Included with structural gr avel. 
(c) Included with paving sand . 
(d) Included with paving gravel. 
----
Structural gravel . 
Paving and 
til 
other gravel (h) 
re tons value tons value 
4 12,718 $ 8,210 74,968 $ 40,031 
3 10,136 13,716 28,585 27,768 
6 14,833 12,401 144,580 21,800 
3 (d) ....... . 139,739 29,763 
3 (d) . ... . .. . 283,005 116,774 
4 20,100 23,550 177,568 163,653 
5 72,613 37,638 75,936 40,100 
4 8,386(i) 5,436 60,386(j) 21,986 
3 (d) 220,186 170,055 
3 15,548 12,903 (b) . .. . . . . ... 
3 31,139 15,830 118,920 85,209 
4 1,617 240 36,213 6,764 
4 11,017 10,792 76,272 44,100 
2 ...... . . ....... . (c) . .. . ..... . 
1 . ..... .. . . .. .. . . (c) . . . . . . . . . . 
4 19,399 13,310 149,656 121,755 
4 .31,845 39,881 35,064 ' 40,693 
5 . 22,120 15,105 204,472 137,318 
64 317,719 254,666 1,838,611 1,089,039 
64 341,533 ' 333,079 1,248,288 889,272 
(h) I ncludes: P av ing a nd roa dmaking, r a ilroad b a ll ast , other gravels, 
(i) I ncludes st ructural sand. 
(J) Includes paving san d. 
Total sand 
and gravel 
tons value 
157,331 $ 104,321 
142,636 103,349 
211,322 63,646 
139,739 29,763 
374,416 141,424 
435,736 278,856 
218,862 101,788 
68,772 27,422 
401,136 259,907 
48,508 26,683 
251,606 130,110 
45,133 13,197 
-173,689 79,595 
163,384 103,898 
167,716 92,619 
~35,220 282,175 
253,012 172~877 
352,381 200,122 
4,043,609 2,211,752 
3;423,619 2,094,955 
---
Total quantity washed 
tons "alue 
127,976 $ 83,062 
127,043 94,109 
66,962 41,496 
. . . ........ . . . .. .. . . .... . 
221,412 125,902 
382,500 271,500 
196,208 82,863 
.. .... . .. . .. ..... . ... . . . 
366,636 242,657 
34,158 18,161 
193,086 119,930 
. ..... . .. ... ......... .. . 
94,404 70,537 
162,384 102,898 
131,000 82,400 
435,220 282,175 
253,012 172,877 
280,027 190,217 
3,089,611 1,992,835 
2,847,553 1,873,539 
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f'he following is a list of sand and gravel producers in Iowa: 
A.ll~makee County Cla)'ton County . 
Northeastern Iowa Sand & Gravel Co., Clayton White Sand Co., Clayton 
Harpers Ferry Langworthy Silica Co., 902 Federal 
Black Hawk COlltity Bank Bldg., Dubuque. Pit at Clayton 
Concrete Materials Corp., 504 Lafay- State Highway Dept., Ames. Pit at 
ette Bldg., Waterloo Osborne 
Iowa Foundry Sand Co., 106 Western Clinton County 
.; . Ave., Waterloo Clinton County, care of County Engi-
Waterloo Dredging Co., 85 W. Mullen, neer, Clinton 
, Waterloo Clinton Sand & Gravel Co., E. A. 
Waterloo Sand & Gravel Co., C. H. Schultz, Pres., 604 Wilson Bldg., 
Werner; P. O. Box 553, Waterloo Clinton 
Boone County Camanche Sand & Gravel Co., United 
McHose Sand & Tile Co., Boone. Pit Light Bldg., Davenport 
at Fraser Schneider Sand & Gravel Co., Clinton 
_ .Markey River Sand Co., R B. Markey, Jenner Bros., 320 First Nat!. Bank, 
Boone . Davenport. Pit at De Witt 
Buena Vista Cotmty A. F. Barber, R D. 2, Grand Mound 
" Buena Vista Highway Dept., care of Craw/ord County 
County Engineer, Storm Lake Crawford County, care of County En-
L. L. Walton, Linn Grove • gineer, Denison 
Chicago & North Western Ry. Co:,. Hannah Carlson, Kiron 
226 W. Jackson St., Chicago, Ill. Pit Dallas County 
at Sioux Rapids • Commercial Sand Co., & Portland 
Btltler Calmly Sand & Gravel Co., 513 Youngerman 
Concrete Materials Corp., 504 Lafay- Bldg., Des Moines. Pit at Boone-
ette Bldg., Waterloo. Pit at Clarks- ville , 
ville Coon River Sand Co., 218 9th St., Des 
Aplington Cement Tile & Block Works, . Moines. Pit at Van Meter 
Chas. Willeke, Aplington Des Moi~les County 
Waverly Gravel & Tile Co., Waverly. Kelley Sand & Fuel Co., R J. Dietlein, 
Pit at Shell Rock Burlington. Pit near Oquawka, Ill. 
Calhot{n County Burlington Sand & Gravel Co., Bur-
Calhoun County Highway Dept., Rock- lington 
well City Dickinson Coun.ty 
Carroll COlmty Chicago, Mil., St. P. & P. R R Co., 
Chicago Great Western RR Co., 122 New Union Sta., Chicago, Ill. Pit at 
S. Mich. Blvd., Chicago, Ill. Pit at Milford 
Lanesboro Dubuque C otmty 
terra Gordo County Iowa Gravel & Fuel Cd., Inc., 501 Gar-
Clear Lake Sand & Gravel Co., Clear . field Ave., Dubuque 
Lake Chicago, Mil., St. P. &' P. R R Co., 
Ideal Sand & Gravel Co., Mason City New Union Sta., Chicago, Ill. Pit at' 
Chicago, MiL, St. P. & P. R R Co., Dubuque 
New Union Sta., Chicago, Ill. Pit at Molo Sand & Gravel Co., Fodt of 3d 
Plymouth St., Dubuque 
Cherokee County Emmet County 
Harris & Loucks Gravel Co., Cherokee Wm. Stuart, Armstrong 
Illinois Central Ry. Co., Chicago, Ill. Atwood, Korrect & Stewart, Arm-
Pit at Cherokee strong. Pit at Estherville 
. Iowa Gravel Products .Co., M. R Gib- Cement Products Co., Estherville 
bons, 3330 Maynard St., Cleveland, Chicago, R I. & Pac. Ry.. Co., La 
Ohio. Pit at Cherokee .Salle St. Sta., Cliicago, Ill. 
Northwestern Gravel Co., Lake View. Fayette County . 
Pit at Cherokee Clermont Brick & Sand Co., Clermont 
Clay County . Flo),d County 
John F. Stolley, · Spencer Iowa Foundry Sand Co., Waterloo. 
Spencer Cement Block Works, Lock Pit at Floyd 
Box 344, Spencer 
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Chicago, R. I. & Pac. Ry. Co., La Salle 
St. Sta., Chicago, Ill. Pit at Marble 
Rock 
Franklin County 
W . C. Nolte, Sheffield 
Hancock County • 
Hancock County Highway Dept., Gar-
ner 
Hardin County 
Chicago & N. W. Ry. Co., 226 W . 
Jackson St., Chicago, Ill. Pit at 
Gifford 
Minneapolis & St. Louis ' R. R., Min-
neapolis, Minn. ' Pit at Gifford 
Harrison County 
Rogers Brothers, Dunlap ' 
M. B. Musgrave, Woodbine 
McDougal Constr. Co., Sioux City 
Humboldt County • 
Humboldt Gravel & Tile Co., Hum-
boldt 
Jackson County 
Bellevue Sand & Gravel Co., L. E. 
Duvall, Mgr., Bellevue 
Chicago, MiL, St. P . & P. R. R. Co., 
New Union Sta., Chicago, Ill. Pit at 
Smiths 
Johnson County 
Hawkeye Material Co., P.O .. Box 104, 
Iowa City 
Schmidt Sand & Gravel Co., R. F . D. 4, 
Iowa City 
W . . Stock, River Junction 
T ones County . 
Chicago, Mi1., St. P. & P. R. R. Co., 
New Union Sta., Chicago, Ill. Pit at 
Monticello 
Lee COlmty . 
Jos. Jaeger, Montrose. Pit at Fort 
Madison 
.Keokuk Sand Co., ·Ft. of Bank St., 
Keokuk 
Linn County 
Kings Crown Plaster Co., 98 First A v,e. 
W ., Cedar Rapids ' 
Larimer &, Shaffer, 931 North 1st St., 
W., Cedar Rapids 
Ed. Sigfred, Marion. Pit at Spring-
ville 
Louisa County 
State Highway ' Dept., Ames. Pit at 
Oakville 
Lyon County 
Great Northern Ry. Co., St. Paul, 
. Minn. Pit at Doon 
Miller Sand & Gravel Co., Box 101, 
Doon . 
Chicago, Rock Island & Pacific Ry. 
Co., La Salle St. Sta., Chicago, Ill. 
Pit at Granite 
Mahaska- County 
Concrete Materials Corp., W. W . Reil-
ly, Eddyville 
Marion County 
Harvey Sand & Gravel Co., Harvey 
Wilson Sand & Gravel Co., Harvey. 
Pit at Tracy 
Marshall County 
Empire Sand & Material Co., A. L. 
Keller, Lock Box 467, Marshalltown. 
Pit at Keller 
R. M. ' Hawkins, 1110 N. 3d Ave., 
Marshalltown 
Mitchell County 
J. c. B. McIntire, McIntire 
Burton Stacy, Osage 
Muscatine County 
Chicago, Rock Island & Pacific Ry. 
Co., La Salle St. Sta., Chicago, Ill. 
Pit at Fruitland 
Automatic Gravel Products. Co., Box 
34, Muscatine 
Hahn Brothers Sand & Gravel Co., 
207 W . Front St., Muscatine 
C. A. Hagermann, Muscatine 
Northern Gravel ' Co., Muscatine 
Pearl City Gravel Co., Ed. L. Hahn, 
Muscatine 
Osceola County 
Chicago, Rock Island & Pacific Ry. 
Co., La ' Salle St. Sta., Chicago, 111. 
Pit at Sibley 
Palo Alto County 
County Highway Dept., Emmetsburg 
Chicago, Rock Island & Pacific Ry. 
Co., Chicago, Ill. Pit at Graettinger 
Graettinger Tile Works, Graettinger 
State Highway Dept., Ames. Pit at 
Osgood ' 
Plymouth County 
Big Sioux Gravel Co., Akron 
Albert A. Wenzel, Kingsley. Pit 'at 
Pierson 
Pocahontas County ,/ 
Pocahontas County , Highway Dept., 
care of County Engineer, Pocahontas 
Polk County 
Chicago, Rock I.sland & Pacific Ry. 
Co., La Salle St. ,Sta., Chicago, Ill. 
Pits at Avon and Commerce 
, Des Moines & Central Iowa R. R. Co., 
Des Moines . ' 
Commerce Sapd & Gravel Co., G. N. 
Doty, Pres., Box 4, Commerce ' 
Capital City Sand Co., 1111 29th St., 
Des Moines 
Coon River Sand Co., 501 Hubbell 
Bldg., Des Moines 
The Des Moines Sa~d & Fuel Co., 510 
Grand Ave., Des Moines 
, . 
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Hawkeye Co-operative Sand & Gravel 
Co., John Keefner, Pres., 822 W. 
9th St., Des Moines 
N. Leon Harris, R. R. 4, Lock Box 507, 
Des Moines 
Independent Sand & Gravel ' Co., 325 S. 
W. 7th St., Des Moines . . 
Flint Crushed Gravel Co., Des Moines. 
Pit at Granger 
Portland Sand & Gravel Co., & Com-
mercial Sand Co., 513 Youngerman 
Bldg., Des Moines 
O'Rourke Constr. Co., Des Moines 
Sac COlmty , 
LeGrand Crushed Roc~ & Gravel Co., 
Lake View 
Chicago & N. W. Ry. Co., 226 W. 
Jackson St., Chicago, Ill. Pit at 
- Lake View ' . 
Wm. Brauer, R. F . D. 1, Lake View 
Northwestern Gravel Co., Lake View 
LeGrand Limestone Co., 29 S. La Salle 
St., Chicago, Ill. Pit at Sacton (Lake 
View) 
Mrs. Nils Miller, Sac City 
Sac County, Office of Engr. , Sac City 
W. H. Schnirring, Sac City 
Mrs. W. H . Townsend, Sac City 
Scott County . 
Scott County, Office Engr., Davenport 
Builders Sand &: Gravel Co., 626 W. 
Front St., Davenport. Pit at Buffalo 
Chicago, Rock Island & Pa,cific Ry., 
La Salle Sta., Chicago, Ill. Pit at 
Buffalo 
W. G. Block Co., 319 E. Fourth St., 
Davenport 
Sioux 'Com~ty 
D. A. Sorgdrager, R. D. 1, Alton 
Alton Cement Works, C. Vandermeer, 
Alton 
L: G. EVerist" Inc., 2100 E. 4th St., 
Sioux City. Pit at Hawarden 
Hawarden Gravel Co., Hawarden 
Schemmer Sand '& Gravel Co., Rock 
Valley 
Rock Valley Sand & Gravel Co., Rock 
Valley 
Story COUllty 
Ames Sand & Gravel Co., Ames 
R. E. Carr Sand '& Gravel Co., E. 16th 
St., Ames 
Story County, Office of County Engi-
neer, Nevada. Pit at Ames 
H. ~. Maudlin, 414 J Ave., Nevada 
Roy Templeton, Ames 
Tama Co~mty 
Standard Gravel Co., 907 Bankers Tr. 
Bldg., Des Moines. Pit at Tama 
Wapello C OUllty 
Ottumwa Sand Co., Ottumwa 
Webster C outlty 
Johnston Clay Works, Inc., Ft. Dodge. 
Pit at Clayworks 
Winneshiek County 
E. W. Hallett & Co., Decorah 
Ward & Taylor Constr.· Co., Decorah 
Wright County 
Belmond Cement Mfg. Co., Belmond 
Luick Gravel Co., Belmond 
Chicago, R. I. & Pacific Ry. Co., 902 
La Salle St. Sta., Chicago, Ill. Pits 
at Belmond 
Chicago Great Western R. R. Co., Chi-
cago, Ill. Pit at Belmond 
r 
548 MINERAL PRODUCTION IN 1929 
THE CLARINDA OiL PROSPECT 
On November S, 1928, Iowa's First Oil Developing Co., of Clarinda. 
Iowa, began an oU prospect on the Wilson farm, in the bottoms of 
Nodaway river,- about four miles south of Clarinda, in the SE. y,;., 
SE. ~, Sec. 24, T. 68 N., R. 37 W ., Page county. Elevation of curb 
988 feet. The drillers were G. H. Rose and Son of Maryville, Mo. 
Work was abandoned December 8, 1930: Although neither oil nor 
gas was found in quantity the drilling has aroused much interest, and 
a summary of the strata penetrated 'is given here. A more complete 
report will be published later. 
Strata 
Pleistocene, and Recent-clay .. : . ...... . .... , 0 
Pennsy Ivan ian 
Missouri 
Shawnee-limestone and shale ., ', .".,. .. 25 
Douglas-limestone and shale . , ' , . , , . , ' , . 140 
Lansing-limestone and shale ... " '. " ',. 375 
Kansas City-limestone and shale . ..... ,. 540 
Des Moines 
Pleasanton and Henrietta-limestone and 
shale .... ' .... .. , ... "........... . .. . . 660 
Cherokee-sandstone and shale .. ... . '.' . . 920 
Mississippian 
Meram,ec-limestone .. ... . . .... .. ...... ... 1,610 
Osage-Iime,stone and shale. . .. . ....... ' . . 1,765 
Chouteau-limestone . . . . .. ........... . .... 1 ,8~8 
Kinderhook-limestone and shale .... .. . .. . 1,895 
Devonian-limestone .. .. ...... . ....... ' .... . 2,016 
Silurian-limestone and dolomite ... . .. .. ..... 2,101 
-Ordovician 
Maquoketa-shale, some dolomite .. .. .. . . .. 2,555 
Galena-dolomite, some shale .... . . .......• 2,595 
Decorah-shale and dolomite ... . . .. .. ... .. 2,945 
St. Peter-sandstone and dolomite ....... . . 2,992 
Shakopee-dolomite ... ... .... ... ... . ... ... 3,067 
New Richmond-sandstone ................ 3,124' 
Oneota-dolomite . . .. . .. ... .. ... ... ... . .. . 3,162 
Cambrian 
Jordan-sandstone .. .. ..... ... .. .......... 3,313 
Bonneterre, Eau Claire-dolomite .. .. . ...... 3,340 
La.Motte, Mount Simon-sandstone . ....... 3,554 
Red Clastics or Sioux Quartzite-sandstone or 
quartzite .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3,570 
Depth 
-25 
-140 
-375 
-540 
-660 
-920 
-1 ,610 
-1,765 
-1,858 
-1,895 
-2,016 
-2,101 
-2,555 
-2,595 
-2,945 
-2,992 
-3,067 
-3,124 
-3,162 
-3,313 
-3,340 
-3,554 
-3,570 
-4,671 
Thickness 
25 
115 
235 
165 
120 
260 
690 
/155 
93 
37 
121 
85 
454 
40 
350 
47 
75 
57 
38 
151 
27 
214 
16 
1,101 
